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Peace Work on War 


By 


COLDEN L'H. RUGGLES 


Member A. O. A 


Weapons 


NTIL twenty or twenty-five years ago, when the work, and research by the Chief of Ordnance, however, be 
was small and appropria came increasingly difficult, and, finally, when the United 


military establishment 
tions limited, the work of the Ordnance Department 


itself was correspondingly 
small and the Chief of 
Ordnanee then could give 
a fairly competent over- 
sight to designing and de- 
velopment work. All 
drawings and projects for 
new development and _ re- 
search were approved by 
him personally. Al- 
though the opinion of the 
line in new development 
work was sought by appli- 
cation to individual offi- 
cers from time to time, 
there was, on the whole, 
little or no systematic ret 
erence to such officers for 
suggestions as to improve- 
ments in ordnanee. (one 
reason for this was that 
there were then no chiefs 
of the line or using serv 
lees and accordingly no 
authoritative line opinion 
to be obtained. Further- 
more, individual officers of 
the line had, as a rule. 


given much less attention to desirable improvements in into full effeet on February 1, 
ordnance than had the ordnance officers specifically charged —_ preseribed, 
by law with its development. 
This condition continued practically unchanged until the The 
entrance of the United States into the World War, exeept pe 
that a Chief of Artillery (later changed to Chiet otf Coast their 


Artillery) was provided by law in 1901, and that there was 
an increasing tendency on the part of the Ordnanee De 


partment to seek the assistance of the line or using servic 

















General Ruggles 


tains to-d: Vy. 


In passing upon new war material, as shown by the ap viven 


pointment ot Coast and Field Artillery otheers on the Ord 


} 


hance Board stationed at the Sandy Hook Proving Grounds ment. 


for the test of new artillery material, and the appointment 


of line officers on boards to assist ordnance officers in pass 


Ing upon new types of small arms and machine guns. Ade 


quate perso! al supervision ot new designs, development the } 





modifieat 


proper 


engineering construction designed by the Ordnance Depa 
Also he holds that it is the duty of the Ordnanee 


Department to look beyond the present needs of the using 


States entered the World War, such supervision became an 


utter impossibility. 

When the present Chiet 
of Ordnance was appoint 
ed, in May, 1918, he found 
a going organization of 
the Ordnance Department 
which he could not change 
radically without serious 
interference with produe- 
tion of munitions. He, 
therefore, had to content 
himself with such modifiea- 
tions of the existing or- 
ganization as were possi 
ble and which he thought 
absolutely necessary at 
that time, leaving to a 
later date a complete re- 
organization of the De- 
partment in aecordance 
with his ideas of: what 
would be most desirable 
Shortly after the signing 
of the Armistice, plans for 
the complete reorganiza 
tion of the Department 
were prepared, and 
new organization was put 

1919. The organization then 


ions, 18 that which ob 


(Jrdnance is to Tfurnis 


} ; 
armament which meets 


that these services are the 


udges of the tactical requirements of the armament 
used by them, while the Ordnance Department is the proper 
judge as to whether the desires of the using service in any 


can be met and, if so, how they shall be met in ai 
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services and to diseover or invent, if possible, new weapons 


more effective than those used in the past, even 


though the using services do not feel the need for the new 
He realizes that most of the progress of the world 
Inveb- 


ot war 


devices. 
in the mechanical arts has been due to the vision of 
tors who were not discouraged by skepticism as to the 
utility of the new methods or devices proposed by them: 
but, while he considers it the duty of the Ordnance Depart 
ment to anticipate the needs of the using services, his 
poliey is not to attempt to foree anything new upon those 
The duty of the Ordnance Department in this 


is fulfilled when the 


services. 


connection new devices are presentes 


to the 
tion in their best judgment. 
policies, he believes that a real instead of a nominal check 
prevent ths 


designer running beyond desirable 


using services for trial and for acceptance or rejec 
In the carrying out of his 


should be exereised over designing officers to 


‘ ") 


enthusiasm of a limit 
in inaugurating and earrying on research and development 
work or in earrying into a design too many of his own in 
dividual ideas which not have been sufficiently weil 
considered or tried out, 
He believes firmly in the principles that the 
shall be 


He desires, 


may 


or which may not meet with gen- 
eral approval. 
suitability of a new device determined buy officers 


not responsible for its design. further, that 
the details of a new design shall include as many as possible 
of the features found convenient and desirable by the using 
services. 

To insure the execution of his policies in this regard, the 
Chiet of Ordnance in his reorganization order of January, 
1919, provided for a Technical Staff whose principal duty 
is to exercise for the Chief of Ordnance, over the researeh, 
the Ordnance Depart 


design and development work of 
ment, a supervision such as, in the early history of the De- 
partment, it was possible for the Chief of Ordnance himself 
to exercise personally, but which for many years past has 
not been physically possible because of the increased re- 
sponsibilities of the Ordnance Department and the 


advance in specialized knowledge required in the design oi 


rapid 
modern war materiel. Among the specific duties preseribed 
for the Technical Staff in the reorganization order of Jan 


uary, 1919, were the following: 








To keep informed of the trend and prog s ordna l 
velopment at home and abr i 
(b>) To recommend to the Chief of Ordnance new and née i 
types of ordnance which l proved by t ( Ordna v 
be developed and desig by t Mar i g S 
To approve r the Cl of Ordna desig im " 
i t is and drawings and stud g and I i 1 
t i it I i | ) X o ) 1 I it h 
the functioning will be affected 
To have charge of and admin r all pro gg is o ated 
ua ich by the Ordnance Departmen 
To conduct or a r programs ail tria ot priot ordnance 
latériel except shop tests, firing tests at arsenals, and preliminary 
road tests, and, wherever possible, to’ attend important trials of ord 
nance in other services in this country and abroad 
f) To witness the test of all type ’ ind port to the Cl 
of Ordnance whether such matériel satisfactory for issue for s 
test by the using service. 
(g To deve lop p-ans tor W der } and distribution of ord 
nance engineering data, and to encourage discussion and development 


of its theoretical principles. 


h) To confer, as the representatives of the Chief of 


the Line and General Staff of the Army 


desired to be developed, 


(i) To arrange for the assignment to the Tecl al Staff of qualifi 
officers of the Line of the Army and such civilian engineers as may b 
found advisable. 

(A To conduct research work in ballistics and metallurg ind 
prepare general metallurgical s] ficatio 

( To approv ill program yr exper ntal and researcl } 
nitia 1 or tl pu ! ‘ yg ana ma 


The provision for the assignment to the Technical Staft 
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of qualified officers of the Line of the Army is for pur- 
pose of insuring that the point of view of the using rvinwe 
shall be kept in mind at ail times from the ineep of a 
given project through the detailed processes of design to 
the test and acceptance of the materiel at the Vine 
ground prior to its delivery for final trial in aet ain 
by the using organization of the Line. 
To earry out the duties of the Technical Staff th: have 
been organized within it four technical divisions and ap 
Ordnance Committee. Each of the teehnieal divis iS is 
composed of ordnance officers and civilian engineers who 
have an expert knowledge of the subjeets under thy IT 1s- 
diction of the division, with an ordnance officer ot peri- 


These technieal divisions are¢ 


Metallui 1)i- 


ence at its head. 


1) Ofdnance Theory, Instruments and 
VISION; « 

(2) Ammunition and Explosives Division ; 

Division ; 


Arms 


these divisions supervises the work of the Teehni- 


(3) Artillery and Automotive 


(4) Aireratt Armament and Small Divis 


Each of 
cal Staff with respect to the subjeets and materie! 
within the jurisdiction of the division, which are deseribed 
in general terms by the name of the division. 

The Ordnance Committee is advisory to the Chief of th 
Technical Staff, who is also its chairman. This committee 


considers and recommends action upon matters affecting 


materiel designed for or intended to be issued to the service 
coming within the jurisdiction of the Technieal Staff, and 
upon such other matters as may be referred to it by the 
Chief of the Technieal Staff. The 


mittee, for consideration of all subjects brought before it, 


members of the com- 
are: 

A naval officer, representing the Bureau of Ordnance, 
U.S. Navy; 


The Chief of Manufacture, office of the Chief of Ord- 
nance, or his representative ; 
The chiefs ot the divisions of the Technical Statt. and 


officers of the line or using services who represent the chiefs 
of their services on the committee; 

The Secretary ol the committee ofticer ot the Teeh- 
nical Stati 


Other members of the committee are the chiefs of the divi- 


{an 


the Manufacturing Service or their representatives, 


sions of 
for consideration of subjects pertaining to their divisions; 
the 


Technical Staff for consideration of 


and heads of sections of the various divisions of the 


subjects pertaining to 
their sections. 

The operation of the Technical Staff (except its liaison 
work with engineering societies, the administration of the 
proving grounds, the direction of researeh work in ballisties 
and metallurgy and the preparation of general metallurgi- 
cal specifications) is essentially by committee action, sine¢ 
one of the principal reasons for the creation of the organi- 
zation is to prevent what may be deseribed as a personal or 
one-man influence on design and development work, and to 
substitute therefor a thorough and mature consideration 0! 
all research, new projects, design and development work hy 
representative of all th 


a body e interests concerned—that 


is, of the designing, reviewing and using service lo 


facilitate the work of the Ordnance Committee, the tollow 


ing permanent sub-committees have been appointed 
1) s nmit on Railway and Seacoast Art y, for lera 
‘ iting . , rie 
‘ f " and seacoa l 
2) s Mol \ 
ating guns and moun ) bi arti 
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tions to a anne neluding propellants and establish fixed and consistent polieles tor those arms he 
fille: DS eee eee ere Om ; officers and engineers of the Technical Staff sitting on su 
(4 ommittee ¢ Sma Arms and Sma Arms Ammunition ) oe 
. eommittees as represel tatives ot the Teehnieal stan. whiel 
n ota at g s i whit re 
n ind sma i i t am f 7 is the reviewing organization of the Ordnance Department 
ml ire i position to act as umpires hpetween the desires ¢ 
ray ; the using services and the inclinations ai d limitations of the 
sal ' designer or inventor. 
‘ ommiuittee I i ictors tor I iera I Oo i ] t T 
P _ 7 + \ matters aouot o1 ! sagreemel are ! ro 
a = 
. — } " , 
' sid cLiscusses nvestigated and st C4 SUD-COl ee, Sé l 
lating wie e report o e sub-con ( Ss pres ed y? na 
ss . ( 0 nd recommendation b he Ordnanee ¢ é 
rela 1 S i 
, , ‘ " ‘ represents ne we | -« reste co ( S10 ol I ! TY] 
- perience CeTs ins é ” e] renpresel Oo el ( 
. . Whos nterests are legill ( neernea Ihe re I 
1 ) 
sub-com ees ive hee . rising unan ( 
lk fe sidering he number o nrerests VoLve na = rise 
I ymimit S ardiza s quenee, little or no diseussion is required in the Ordnane 
I S ler \i ) } 
‘ , (< ttee, which is thus enabled to conduet ifs business 
— 
with dispateh. Such diseussion as does take place in the 
; supb-colmn ree, e@XCe)p the Sunp-Colnn a | 0 stane " ‘ . 4 ‘ 
ba . 2 / Ordnanee Committee is usually Lo! the purpose ¢ ol 
ardizatiol of specifications. 18 composed of the ehiet of the 
aral 1 of | ( I omy ( il ( i ine ite members, other thar those on the sub-committec 
"2 ial : , s Y 
division of the Technical Staff having jurisdiction over th ‘ ’ bias 
‘ makine the report. on the subject matter under discussio 
subject. as chairman; of the chief of the division of th ‘ 
: ‘ cies , Sometimes, however, discussion he Ordnance Committes 


Manufacturing Service interested, or his representative: o 





i the representatives of the using services interested; and of 
the head of the section of the Teehnieal Staff having juris 
diction over the subject. The sub-committee on. standardi 


zation of specifications consists of the Chief of the Ordnane 
Theory, Instruments and Metallurgy Division of the Tech 


ther di 


nieal Staif, as chairman; « 


visions of the Teehnieal Staff and Manufacturing Service 


t representatives [rom 0 


of the Ordnance Department; and representatives from i 


terested supply services other than the Ordnance Depart 

















ment The chairman ot each sub-committee 1s authorized to 
eall before the sub-committee such persons in ar dition 
the members of the sub-committee as may assist in the dis 
eussion and determination ot questions hefore the sub-co 
mitts 
All matters to be aeted upon by the Ordnance Committee, 
including approval of drawings and specifications, he ap 
proval of research or new lines ot development wot pro 
grams tor same and programs for test of materiel of ne 
types, il they do not originate in a division ot the Teehniea 
Staff. are, as soon as received, reterred to the division has brought out points or information not « 
charge with such matters tor the Teeh ical Stati Here the snhb-committee and has res e* reter? 
the I tte Is examined and Investigated, addition ( pine he sub-¢o mittee To! er eOoNnsice 
secured, if necessary, and the subject prepared for preset The approval ot the Ord Committee is 7 
tation to the propel sub-committee Lor report and reco! mendation to the Chiet ot the iechnical St 
mendation to the Ordnanee Committee. This report 1s pre tion determined on 1 he com! ee be carried ¢ \\ 
pared Ivpe and signed Ny all members ot the sub-eom the committee action Ss approves ) he Chiet « er 
mittee. I eal Staff, the chiet ol the prope aqivision Ol ( Leen 
[t w be seen from the nization ot the sub-co Ss f issues the necessary unstruc ns to the Ma ‘ } 
tees that there are represented on each all the organization Service, the proving ground, Ol whatever agen Ss 6mre 
of the army whose interests are involved in a proper di quired to execute the instructions Che acti ot the Chi 
termination of the questions before the sub-committee. The ot the Teehnieal Staff, in all tters coming unde! 
view of the designer is presented by the echiet of the division urisdiction of the Technical Statft, 1s the action of the Chi 
of the Manufacturing Service or his representative, am ot Ordnance. The Chief of the Teehnieal Stati must keep 
the viev oft the using service or services by the represent: himselt informed at all times as to the pole. $0 ne Chel 
tives ot those services. The view of the representatives ol of Ordnanee. and is responsible to the latter that all ap 
, the us Yr service Is not necessarily the opinion ol the i provals given are in contlormity with his policies In ease 
dividual officer who presents it; the opinion presented b) of doubt in any partieular ease, it is the duty ot the Chi 
that offices is the official opinion ol his arm as determine of the Technical Statf to seek definite instructions from the 
by the ef of that arm. Chiet of Ordnance before acting on the matte: 
In tormer vears such an official opinion was not obtain While the majority of the subjects handled b ( 
. able, and the ability to obtain it now is one of the great a eal Staff are those which affect materiel designed for o1 
vantages to the Ordnanee Department that have resulted tended to be issued to the service, there are a numbet 
trom ippointment of ehiefs of combatant arms, whos subjects which do not fall with this category, among 


I t + } ‘ > rt } 1 } ’ 
duty l o ascertain the bes opinion of their arms and to which may be mentioned engineern and research probl 
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which do not affect the tactical use or features of the ma- 
teriel. In eases of this kind of minor importance, the mat- 
ter is handled exelusively by the proper division of the 
Technical Staff; in cases of this kind of greater importance, 
the matter is considered by the proper one of the sub- 
committees mentioned above, except that, as the subjeci 
does not primarily interest the line or using services, the 
representatives of those services are not present; and the 
report of the sub-committee is submitted direct to the 
Chief of the Technical Staff for approval without going 
through the Ordnance Committee. 

Subsequent to the formation of the Ordnance Committee 
in the Technical Staff of the Ordnance Department, the 
War Department directed that technical committees be 
formed in all the supply bureaus of the army, to perform 
for those bureaus essentially the same functions as the 
Ordnance Committee performs for the Ordnance Depart- 
ment, and it was directed also that representatives of the 
using services be designated to attend the meetings of these 
committees. The Ordnance Committee is, therefore, the 
technical committee of the Ordnance Department. 

The technical committees of the supply services form im- 
portant agencies in the general scheme of the War Depart- 
ment for the adoption of new and improved types of ar- 
ticles for service use. Formerly, general policies upon 
which the development of new and improved materiel to be 
furnished the army shall proceed, were formulated by 
boards of officers appointed by the War Department and 
representative of the using and designing services. The 
recommendations of such boards to become effective had, 
of course, to be approved by the War Department. Since 
the establishment of technical committees in the supply 
bureaus, the War Department has decided that the general 
policies upon which the development of new and improved 
materiel to be furnished the army shall proceed, shall no 
longer be prepared by boards of officers appointed by the 
War Department, but shall be formulated by the technical 
committees of the supply bureaus charged with the de- 
velopment. The general policies so prepared must receive 
the approval of the chiefs of the supply bureaus and using 
services concerned and the final approval of the War De- 
partment before becoming effective. 


that must be 


In order to visualize in detail the steps” 
taken before a new type of ordnance is adopted as a stand- 
ard for the U. S. Army, let us suppose that a new type oi 
gun is to be developed for the mobile artillery. The need 
for such a new weapon, let us suppose, has been shown in 
ue World War. Since this weapon will differ from the 
adopted standards of the U. S. Army, its development must 
be approved by the War Department. 
this approval, the matter is considered by the Ordnance 
Committee and a recommendation made that a gun having 
the characteristics desired be developed by the Ordnance 
If the Chief of Ordnance approves, he for- 
the Ordnance Committee, 


In order to secure 


Department. 


this recommendation of 


wards 


The description of the action of the sub-committee and the Ordnance 


with the 


development of a gun is based, for 


that 


Committee in connection 
sake of 
fecting other than the gun proper. As a matter of 
will rarely or and there are many 


must be decided which vitally affect both the gun and the ammunition 


no questions wiil arise af 


tact, 


simplicity, on the assumption 
however, this 


never be the case, questions which 
and which will involve the application of the theories 
Actually, therefore, the general 


prepared by the 


used in it, 


to be 


of interior and exterior ballistics. 


specifications for the gun will be sub-committees on 


mobile artillery, ammunition, and mathematics and dynamics, acting to 


gether as one sub-committee; and thereafter during the subsequent 
steps in the developmnt of the design and the test of the gun this joint 
sub-committee action will be had whenever conditions or circumstances 


advisable. 


render it 
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with his approval, through the chief of the arm for which 
the gun is intended, to the War Department. If the latter 
chief also approves the project, which he will do undoubt- 
edly, since his representatives on the Ordnance Committee 
voted in favor of it, it will in all probability be approved 
by the War Department and the paper containing the 
recommendation will be returned to the Chief of Ordnance 
with instructions to undertake the development. 

When this paper is returned to the Ordnance Depart- 
ment, it will be sent to the Technical Staff. The Chief of 
the Artillery and Automotive Division of the Technical 
Staff will then eall a meeting of the sub-committee on mo- 
bile artillery for the purpose of preparing general specifi- 
cations showing the principal requirements that should be 
fulfilled by the new gun. Usually these requirements will 
include a limit for the weight of the gun, the caliber of the 
gun, the weight of the projectile, the range to be obtained, 
the kind of breech mechanism to be used; possibly, also, a 
limit to the length of the gun, the twist of the rifling, the 
number of the rifling, and any other features 
which, in the opinion of 
cluded in the design. The 
its report to the Ordnance Committee, recommending that 


lands of 
the sub-committee, should be in- 
sub-committee will then submit 


the new gun be designed in accordance with the general 
specifications prepared by the sub-committee. When this 
report is approved by the Ordnance Committee and the 
action of the Ordnance Committee is approved by the Chief 
of the Technical Staff, instructions will be sent by the 
Chief of the Artillery and Automotive Division of the 
Technical Staff to the Manufacturing Service to design 
the gun in accordance with the general specifications ap- 
If there are tunds 


proved by the Ordnance Committee. 
Ones by 


available for the work, it will be commenced at 
the Artillery Division of the Manufacturing Service. It 
funds are not available, an item covering the estimated cost 
of the development will be ineluded in the estimates to be 
submitted at the next session of the Congress. Estimates 
for experimental and development work of this kind are 
prepared by the Manufacturing Service and approved by 
the Ordnance submitted 
Chief of 

Assuming that funds are available tor the development 
the next the preparation of pencil 
the Artillery Division of the Manufacturing 
During the preparation of these studies, the de- 


Committee before being by the 


, 


Ordnanee. t 


ot the gun, step is 
studies by 
Service. 

officer have informal conterences with the 


signing Nay 


other members of the sub-committee on mobile artillery, or 
he may ask that a sub-committee meeting be called to settle 
some points which may have arisen during the preparatiot 
of the studies on which he desires a de¢ision. When pencil 
studies have been completed which, in the judgment of the 
Artillery Division of the Manufacturing Service 
Chiet of Manufacture, meet the requirements laid down 
by the Ordnance Committee of the Technical Staff, they are 
submitted for the approval of the Teehnical Staff and are 


and the 


acted upon by the sub-committee on mobile artillery and t 


Ordnance Committee. Upon the approval of these studies 


by the Technical Staff, the preparation of general and de- 
tail drawings is undertaken by the Artillery Division of 
the Manufacturing Service. When these drawings are 


completed to the satisfaction of the Artillery Division ot 
the Manufacturing Service and the Chief of Manufacture 
they also are submitted for the approval of the Technical 
Staff and are acted upon by the sub-committee on mobile 
artillery and the Ordnance Committee, as in the ease of the 
pencil studies, 

During the preparation of these drawings, the designing 
officer may have informal conferences with the other mem- 
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bers of the sub-committee on mobile artillery, or he may 
ask that sub-committee meetings be ealled to render de- 
cisions on points which may develop during the progress of 
the design. 

When the drawings are approved by the Technical Staff, 
the manufacture of a type or pilot gun (or guns) will be 
undertaken by the Artillery Division of the Manufacturing 
Service. When the guns are completed at an arsenal or 
private manufacturing plant, and the necessary shop tests 
and adjustments made, including, when feasible, prelimi 
nary firings at an arsenal, they are sent to the proving 
grounds for exhaustive test by the Technical Staff to de- 
termine whether they fulfill all the requirements laid down 
by the Technical Staff and are, in its judgment, satisfactory 
weapons for service use. The program for this test is pre- 
pared by the sub-committee on mobile artillery and ap- 
proved by the Ordnance Committee and the Chief of the 
Technieal Staff; and it is the special duty of the sub-Com- 
mittee to witness these tests and to report to the Ordnance 


Committee, whether the guns have passed a satisfactory test, 


and if not, whether they should be rejected outright or cer- 
tain modifieations made in them to correct defeets developed 
by the test. If further modifications or a redesign is re- 
quired, the procedure is essentially the same as has been de- 
scribed in the development of any new type. 

When the guns have passed a satisfactory test in the 
judgment of the Ordnance Committee, as approved by the 
Chief of the Technical Staff, the Chief of Ordnance will re- 
port that fact to the War Department and request that the 
necessary instructions be issued by the War Department for 
a service test of the guns by the line or using organization. 
For service tests, a considerable number of the experimental 
tvpe of article will usually be issued. If the service test is 
not satisfactory, the Ordnance Department will be directed 
by the War Department to continue the development with 
a view to correcting the defects brought out in the service 
test. If, however, the service test is satisfactory, the new 
tvpe of gun will be adopted by the War Department as the 
standard type for the U. 8S. Army. 

At the risk of repetition, it is thought well to eall atten 
tion of the continuing influence of the sub-committee of the 
Ordnance Committee on every step taken in the develop- 
ment of the gun from the inception of the project to the 
final adoption of the gun as a type by the War Department. 
and to the faet that this sub-committee is composed of a 
representative of the designing organization of the Ord 
nance Department (the Manufacturing Service), ot repre 
sentatives of the reviewing organization of the Ordnance 
Department (the Technical Staff), and of representatives o| 
the line or using organization of the army. 

The following table shows the number and classification 
of the subjeets considered by the Ordnance Committee dur- 


ing the calendar year ended December 31, 1920: 
Small arms (including bayonets, sabers ibbards 
Machine guns (including automatic rifles i> 
Smallarms ammunition i 
Mobile artillery guns (including infantry accompanying 

itry howitzers, sub-caliber tubes and trench mortar 
Mounts (exclusive of self propelled mounts for mobile arti \ 27 
Selt-propelled mounts 
Ammunition for mobile artilery (ex ve o 7 
ruzes for mobile artillery 
Al lircrait rt y - 
ha iV me its ] 
Fixed mounts for seacoast defens 16 
G or railway and seacost artilery 
Ai in.tion for railway and seacoast arti! \ xclus.v 
Fuzes for railway and seacost artillery 7 


ontrol instruments (inec:uding sig 


Range finders and fire-« 








ON 








WAR WEAPONS 

B 1 sights 

Ol air itt armament ~ 

Grenades 14 

Pyrotechnics & 

Tank - 

Tractors 18 

Trai s 14 

Standardization of specifications 1 
Total 736 


Included among the subjects listed in the above table are 
fifteen programs work, ot 
which three are being prosecuted at colleges throughout the 


for investigative and research 
United States; thirty-two programs for test firings, includ 
ing range firings and tests of automotive materiel; and 
seventy inventions. 

The Technical Staff is charged with liaison with the en- 
gineering societies of the country. In the pursuance of this 
duty it has arranged with the Society of Automotive En 
gineers to appoint a committee from that society to act as 
advisors of the Ordnance Department in connection with its 
designs and tests of automotive materiel. This committee 
consists of eight members of the Society ol Automotive En 
gineers, including the president and past presidents of the 


society and the general manager thereof, all appointed by 








89 ee 














Maneuvering Test in Soft Ground 


the society ; of the Chief of the Technical Staff, of the Chief 


of the Artillery and Automotive Division of the Technica! 
Staff and the chiefs of the Artillery and the Tank, Tractor 
and Trailer divisions of the Manufacturing Service, and otf 


their assistants engaged in automotive work. This com 


mittee meets approximately every three months, and the 


members representing the Society of Automotive Engineers 
valuable assistance t: 


have rendered, Dy their advice, most 


the Ordnance Department in its design of automotive equip 


ment. 

As a result of conferences between the Technical Staff 
and members of the American Society of Mechanieal En 
vineers, the society has been interested in the establishment 
of an ordnance section in the society. A petition to estab 


lish this seetion, signed by 172 members of the society, was 


the society on Deecemlbe r 10, 


approved by the Couneil of 


1920. It is expected, through this section of the Ameriear 


; 


members of 


Society of Mechanical Engineers, to keep the 


the society informed at all times of the progress of ord 


nance design and development, to ask the assistance of thi 
members in solving technical problems of design and pro 
duction as they arise, and particularly to interest the so 
ciety in the broad and vitally important question of what 


measures should be taken adequately to prepare this nation 
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for the prompt and sufficient supply of munitions in time nance section established in each of them. It is eved 
of war. Following the establishment of an ordnance see that the discussions of the ordnance problem befor these 
tion in the American Society of Mechanical Engineers, and societies will result in the greatest benefit to the Or inanee 
based upon this section as a type, it is hoped to interest Department and to the country by developing a we/l-con- 


other engineering societies to the extent of having an ord- sidered and practical program of munitions prepare«negs, 


[General Ruggies was in command, at the beginning of the wa of the Sandy Hook Proving Ground, and was President of the | ance 
Board. Upon his recommendation, first made before the war, the proving ground was moved to a larger and better site at Aberdeer He 
prepared the plans and superintended the construction of the proving ground, which commenced operations on January 2, 1918, at time 
he was assigned to command of both Sandy Hook Proving Ground and Aberdeen Proving Ground. 

On March 4, 1918, he was ordered to Washington and made Chief of the Supply Division of the Ordnance Department, which was 1 nsible 
for the storage and supply of all ordnance matériel to the Army in the United States and for shipment of ordnance supplies to the \ } FP. 

On March 28, 1918, he was appointed Chief of the Inspection Division of the Ordnance Department, which performed the Inspection of «/] ord- 
nance matériel manufactured in the United States and. Canada The work of inspection included also ballistic testing at all prov stab- 
lishments except at the Aberdeen Proving Ground, Sandy Hook Proving Ground, and Savannah Proving Ground. Testing work these 


proving grounds was performed under the Engineering Bureau, but the suitability of all matériel tested there for service was passed on by 








the Inspection Division. It also operated eight other temporary proving grounds established throughout the country for the ballistic g of 
ordnance matériel being furnished for the troops abroad. When the Armistice was signed, inspection was being performed in app mately 
8,000 manufacturing plants working on ordnance contracts. , 

He was appointed Brigadier General, Ordnance Department, on August 1918. He remained Chief of the Inspection Division until alter the 
signing of the Armistice, when, following the reorganization of the Department, he was made Chief of the Technical Staff, Ordnance Depart- 
ment, which position he now holds,—Ep. } 

. . 
Discussion 
other hand, should keep the necessity for adequate provision for ord 


H. W. Alden 
Vice-President, Timken-Detroit Axle Co. 


I have read General Ruggles’ article with a great deal of interest, and 


It seems to me that the Ordnance Department has emerged from the 


war with what is probably a more proficient organization for future 


development than any other department of the army. 
I cannot conceive of a better arrangement for co-ordinating Ordnance 
production facilities 


general civilian engineering and 


than that which has been worked out, and as I have been a member of 


activities with 
the Society of Automotive Engineers’ Ordnance Committee for a year 
I speak from personal knowledge. 

It has been a matter of keen personal pleasure to have worked with 
the members of the Ordnance Technical Staff on the various problems 
which have come before us, and I do not doubt that the attitude of 
Ordnance 


mutual confidence will be of considerable assistance to the 


Department in times of peace and of vast assistance in time of war 


C. F. Hirshfeld 


Chief of Research Department, Detroit Edison Co.; Chairman, Ordnance 
Section, American Society of Mechanical Engineers 
when regarded 


in +this 
from the viewpoint of human history that we 


Our social organization country is so new 
have not yet discovered 
all that it implies. The founders of this form of society undoubted 
regarded government and all governmental functions as of primary im 
further assumed that each citizer 
keen 


had assisted in placing in authority. 


portance, and they undoubtedly 


actions of a government 


They 


assumed that government would be regarded as a common problem in 


would exhibit a very interest in the 


which he aso undoubtedly 
stead of the problem of a single class or social] stratum and that each 
citizen would assume and carry his share of the burden 

As a matter of fact, things have not worked out in just this way. 
We have developed to a great extent the spirit of “Let George Do It 
when it and functions associated with govern 


comes to government 


ment. This is really quite human and is to be expected under any 


form of social organization which offers equal or nearly equal oppor 


tunities for personal advancement and personal gain Each of us is 
very apt to go his own sweet way, putting his maximum effort into the 
acquisition of wealth, social position, learning, or any other thing which 
particularly appeals to him as an individual; paying taxes grudgingly 
but as a matter of necessity; criticizing the acts and motives of elected 
and appointed officials, but accepting them unless they are altogether 
too bad or too brazen. 

Now, the maintenance of an army is a governmental function, and 
history shows that we have been perfectly satisfied to let our elected 
and appointed representatives worry over the problem for us. 
when we have actually gone to war has the state of the military estab 
We then invariably 


Only 
lishment caused us any personal concern. profess 
great surprise over the results of our disinterested policy. 

If the Technical Staff succeeds in doing nothing more than maintain 
ing an active interest in Army Ordnance on the part of representative 
members of the different Technical Societies of this country, it wil) ac 
complish something well worth doing and of immeasurable benefit to 
the nation in any future war. The technical brains of the country, as 
represented in these societies, can undoubtedly supply a certain amount 
of engineering experience and a certain amount of technical knowledge 
and skill. But, to my mind, such assistance is of minor importance. 
The relationship should react to keep the ordnance officers alive to 


methods, improvements, and requirements and, on the 


commercial 








squarely before some of the best and most repre 
These things 


nance development 


sentative commercia! and technical minds of the nation. 


seem to me of far more importance than a mere exchange o 


knowledge. 


It has beer is possible to recyuit and train men 


demonstrated that it 





for military service much more rapidliy than the equipment required 
to make them available for service can be produced Moreover, the 
present trend of warfare is in a direction which must cause greater 
and greater discrepancies in this respect as time goes on If such 
facts are properly brought to the attention of men of the caliber and 
number found in our technical societies, and if they are itedly 
hammered into their consciousness by frequent contacts w those 
dealing daily with such problems, I feel certain that we will ultimately 
find the nation ready to do that which may be necessary to bring about 
roper development and production of the material of war, ar \ 
will ultimately devise the ways and means to accomplish this 
Lt. Col. A. J. Dougherty 
Infantry, U.S. A. 

Unt the plan of Gen. (¢ L'H. Ruggles, Ordnance Department 
had been approved by the Chief of Ordnance and the Ordnance 
Committee established, there existed within the War Department no 
satisfactory machinery by means of the requirement the 
line and the manufacturing possibilities of the various suppy de 
partments could properly be co-ordinated The ne “kicked” occa 
sionally when a supply department issued some article not itirely 
satisfactory and attempts were then made to correct the detect, gen 
erally after a supply of the defective article had been purcha 

In justice it must be admitted that, except in the off f the 
Chief of Coast Artillery, no body of line officers existed | luty 
it was to gather opinion and inform the supply department f line 
requirements reference to matériel Even where individua ne 
officers gave this matter thought they had no conceptior f the 
problems of development, manufacture and supp y 


The net result was an inability of the supply departm 
tain line views on the requirements for any article, except through 


the costly proccss of equipping the army with it Once equipped W th 
an unsatisfactory and inefficient article the line was doomed to use 
t until worn out; an end generally accomplished as quickly s pos 
sible, thus causing much waste of government funds, in addition to 
chronic friction between the line and supply services 

The creation of the Ordnance Committee composed of represen 


tatives from the Ordnance Department, and from the office of each 
Chief of Arm, has, so far as concerns Ordnance, finally effected com 
plete and satisfactory liasion between line needs and supply poss! 
bilities. 

Within each Arm there is a board of officers stationed at a post, 
with troops, where exceptional opportunities exist for gathering line 
opinion, and for subjecting pilot material to service tests. This 
Board is constantly studying existing equipment and gathering line 


officers of with a to formulation of 


requirements for 


experience, view 
entirely new 
ments in that already existing. These 
Chief of Arm and taken up with the 
representative, an officer of much line experience who is in constant 
contact with ordnance activities. 

The General Staff having approved a deve-opment 
representatives of the concerned have full 


opinion from 
or for improve 


sent to the 


general equipment 


requirements are 


Ordnance Committee by his 


program the 


arms voice at the meet 













































WEAPONS 





ON WAR 





WORK 


prom} 














opin hich Was seven-eighths guess Now the ame equipment dient are es ted 1 In establishment t ‘ ! 
would nt to the board of the nterested Art ind its test | that a orrespond e with ea ortant stomer OF nt sna 
troops ild be fol ed throughout ! x} t hos m tt! - the nal ‘ ' a . t 
reputat depends on the thoroughness wit hich he performs this organizatio! who keeps in tou th a phases of ¢ tral tions 
partic work. The results are placed before the Board and re tl ich partv. and is tl able t 1 off any pe ot a , 
ommendations made the Chief of Arn The entire matter is ther ick of some such precaution during the ate war there W r er 
taken vith the Ordnance Department through the representative ous is¢ of trouble, great and sma hich ea might aN heen 
of the Chief of Arm on the Ordnance Committee The resu't that prevented To illustrate the kind ASES efey l I te 
ap art s known to give efficicnt performance befor t is produced in example 
in quantity. 1 manutacture! vas making irae juantitics of yonet ! 
The Ordnance Committee, in addition to eliminating a long stand government, under a_ fixed-price ontract, and everything had been 
ing source of friction between the Ordnance and tl ra tong t € I 1 h « irred somewhere 
line, will also undoubtedly save large sums of government money ictions ceased, although bayonets continued to be 
thus more than ustifving the salaries paid to ofmfcers engaged in this ected and packed for shipment The Inspector of 
work ctory continued to ask for shipping instruction but 
_ none arrived This was kept up for near two months int some 
two hundred thousand bayonets had a imulated I vhich t manu 
° 
A. M. Mattice facturer had about half a million dollars tied up. The deadlock was 
Advisory Engineer, Remington Arms Co., Inc. ot broken until the manufacturer received from Washington a letter 
The Army Ordnance Association is fortunate in having presented vhich in no gentle terms took him to task for failing to meet s con 
to it such a clear and concise exposition of the organization, fun tract production when bayonets were urgent needed 1 reply to the 
tions and m<«thods of the Technival Staff of the Ordnance Depart ffect that all available space in the manufacturer orks was filled 
—— " 
— - —-—— —_ -—-— — 




















Maneuvering Test, Engine Submerged Firing Test of Self-Propelled Mount 











me? i ontained General Ruggk é org i acked baye S hict I ittempts id ft I et 
describe ( course " e-tir g a | | g tr tion tarted tl xy I ng ind telegra tru 
great inded orgal t hel ( ‘ i I ir i the next da A seque t Ss alla t ave 
war-t ‘ i ft t inybody but ! manutacture is ft t when 
Ir e-t t lealing < th Ord I> i id t bayonets, s ething < t I t and 
sid nanutacturers paratively i , leducted 1 i , é g tl 
ndustri« ; } ount —_ = : . act } i ‘ ‘ sy 
betwe tl Depart t nd tl mar ict i ict I k t it i d flict 
be left ndone to secure the needed tior rt 9 H Ss a " that l ar tl 
Arr Ordnar Associatic pst s ntract i I | i tional 
he yrmous spansior the Ordnance Depart t fo i by other d h increased ¢! t fles 
World War necessarily entailed tl emplovment o Tt . 4 1 I fle l ge 1 1 arts 
Varying degrees of experience and cff nev . of a svster } I idditiona n t 1 
nh the beginning was more or less tentative and had to }t i l s, whicl i t i I ‘ t kept 
somewhat trom time to time It would have been a mira f vit t! manufacturers pu hasing d irt nt 1 S iring the nece ary 
such a hastily assembled organization, everything had worked a materia Then, one day came a telegram from Washington cancelling 
smoothiy a could have been desired and muel praise is due to tl o1 of the orders MA h resulted in teveris haste t in rders for 
organizers that things worked as smoothly as they did In an or mat als and to head off shipment f materials in tra t This was 
ganization harged with such important affairs, the leading execu followed tl next day by a telegrar incelling another order, which 
tives are naturally engaged in the irger matters of policy ind many was fc wed by other tel ams il ng other rders unt all the 
minor troubles do not get to their attention It is natural also that additional orders had been cancelled An inqui: from the manufa 
some varieties of trouble can become known to the organization only ture! as to the desired disposition of the arge quantity of materia 
through the contractors to whom the troubles manifest themse ves. It vhich had been secured, brought from Washington the information 
is only with a view to possible elimination of one source of such that it was not intended to curtail production at a but that the can 
trouble in the next that I venture to call attention to a difficulty cellations of orders were only technical, with a view to embodying 
which forced itself on the Government and on contractors alike dur them all in the supplement to the main contract Then the manufac- 
ing the recent war turer’s purchasing department got busy again to procure materials, 
In any organization one of the essentia's to be provided for is while the works management had the more difficult task of replacing 
complete harmony in dealings with outside parties; that is, that the the men who had been laid off and had secured other jobs. 
members of the organization itself shall not work at cross purposes This unfortunate affair, which caused a serious break in produc- 
4 im such dealings. In an old established organization of moderate tion, like the bayonet episode, had a sequel, or rather several sequels. 
size, where principals and assistants are working in harmony, it is Several weeks after the unintentional cancellations of orders all pay- 


Dot difficult to so arrange the work that correspondence with clients ments to the manufacturers were stopped because the cancellations had 
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automatically cancelled the funds 


this had been straightened out temporarily, a supplement to the main 


corresponding allotments of 


contract, providing for the increased quantity of rifles, was sent to the 


manufacturer for execution. This supplement, however, was dated 


some time subsequent to the cancellation of orders and contained no 


provision for payments for work done prior to the date of the contract 
Upon inquiry, the manufacturer found that payments for prior work 
could not be made under such a contract, and he therefore returned 
the supplement for revision. This supplemental contract, however, did 
not get through the of revision and re-approval before the 
Armistice, and so had to be validated under the Dent Act, with the con 
sequent complication of claims and subsequent statutory awards. 

The above-described incident could easily 
means of provisional cancellations, showing on their faces their inten 


process 


have been avoided by 
tion, instead of the telegraphic absolute canceilations without explana 
tions. It is probable that the trouble started from some inexperienced 
subordinate 


out his 


misunderstanding his instructions, and zealously carrying 
understood them. Both of the 
cited—the lack of shipping instructions for bayonets and the uninten 


tional cancellation of orders for rifles 


instructions as he incidents 


were not only causes of vexa 


tious delays to the government and expense to the manufacturer, but 
their 


correction occupied valuable time of men whose services wert 


needed in productive work. 

Both of these incidents, together with others which came under the 
writer’s observation, could have been avoided if all the correspondence 
with each contractor had been required to pass the review of one per 
son who would thus be acquainted with all of the ramifications of each 
contract, from the inception of the negotiations to the completion of the 
contract, and so would be able to catch errors before they resulted in 
trouble. In fact, in such a large expansion of organization, hastily 
effected, it is to be expected that “bad breaks” will occur unless som 
method of constant 


ganizations be adopted. 


check on co-operation between departmental or 


Col. George B. Williams 


Cavalry, U.S. A. 


When the Ordnance Committee of the Technical Staff was first con 
ceived, the Cavalry Service and the Infantry Service had no heads of 
their branches in Washington to represent them in matters of this kind. 
Consequently, the representative of the General Staff on this committee 
took it upon himself to arrange consideration of these two arms in al! 
matters affecting their equipment. Shortly thereafter the General Staff 
obtained authority for an officer of the Cavalry Service to becomé 
member of the committee. 

On June 4, 
and the infantry services each with an organization in the War D: 
partment, having at its head a major general of each 
could be referred matters 
office of the Chief of Cavalry was thus established July 1 


1920, Congress approved an Act providing the cavalry 


arm, to whom 
branches. The 
1920, and 
thereafter the cavalry has been able to have direct representation on 
the Ordnance Committee. The officer so detailed is authorized to rep 
resent his chief in all matters affecting his service and to offer sugges 
tions affecting the suitability of any particular article for his 
There existed at this time at Fort Riley, 
through whose medium the office of the Chief of 
to have an field 


could be 


affecting these two combat 


arm 
Board 


Cavalry was enabled 


Kans., a Cavalry 


agency for testing in the types of equipment, and 


through whose reports opinions rendered on all matters af 


Through 
this board, therefore, the office of the Chief of Cavalry is enabled to 
develop a close liaison between the cavalry soldier in the field and the 


fecting the armament, equipment, and supply of the cavalry. 


Ordnance Department, the procurement and manufacturing agency for 
& most important part of that equipment. 

The these two 
Service and the other the Procuring Service 


hand the Using 


-exists along the following 


correlation of services—on the one 
lines: 


(a) The Cavalry Service, through the Chief of Cavalry in Washing 
ton, acts as an adviser to the Chief of Staff in all matters affecting the 
cavalry. For the relationship between the 
that this Using 


the Springfield 


showing the 
Committee, let 
Service desires a carbine to replace its present weapon 
rifle. forth the 


purpose of 


cavalry and the Ordnance us assume 


To meet this need, the cavalry would set general re 


quirements which the specifications for this carbine should contain; 
only those requirements being considered which affect the tactical use 
of the weapon, and which would include, in general, its weight, lengtl 
range, rate of fire, etc. The Chief of Cavalry would forward this stat 
ment of requirements for a carbine to the General Staff, who, in turn 
wou'd refer it to the Ordnance Department. 

(b) The Ordnance check these 
ments over, and, through its organization, make up the drawings to ac 
task, them to the 


Ordnance Committee. When approved, one of its manufacturing units 


Department would general require 


complish the write its specifications, and present 


its completion 
then 


would be instructed to make such a weapon, and 
this, the 


upon 


Accomplishing matter again 


to have it factory tested. 





After 
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in the hands of the Ordnance Committee, befor 


presented, and, assuming that the test was satisfa 


would be whom it 
would be ory from 
a technical point of view, the Ordnance Committee would then recom. 
mend a certain number to be manufactured to be sent to t Cavalry 
Board for field test. If, after this field test, the gun has proven satis 
factory, and the type is approved by the General Staff, this weapog 
would then become an article of issue. 

From the above it will be seen that every 
the Using Service, which is so important in the proper development of 


consideration given t 


The problem given involves no points of 


Service. How 


equipment for that service. 
issue between the Using Service and the Procurement 
ever, should differences of opinion exist, this matter is settled by the 
Ordnance Committee to the satisfaction of all concerned, 
All matters affecting the requirements of production, et 
into the design of an article of equipment, or the availability of ray 
materials, should be presented by the Ordnance Department; on the 


entering 


other hand, questions of usability should be presented by the Using 
Arm It is the fundamental duty of the Ordnance Committee to cor 
relate these two sets of requirements so that the needs of the two sery 


ices in question are met. 

While the above example gives to the reader one method for develop 
ment of new 
Often it is the case that new improvements in design are first presented 


equipment, this particular routine does not always obtain 


Ordnance Department, and after obtaining the views of the 


developed and changed, if ne 


by the 
the article then may be cessary, to 
tactical use. In every 


agency. whereby all interested services are consulted 


cavalry 


meet its case the Ordnance Committee is the 


In general, there are many problems taken up by the Ordnance Com- 


mittee which are not of vital interest to the cavalry. However, if all 
agencies of the army are not kept informed of what each is doing, the 
development work of one will be lost on the others. Through the 
medium, therefore, of this committee one of its most important functions 
obtains in that all new ordnance matériel of each Using Service is pre 
sented and discussed in open conference. In this way the question of 
new policies in the tactical development of equipment for any particular 
Service can be co-ordinated to the work of the 
Matériel! of the other Using Services To this end the Ord 
nance Committee has fulfilled a 


medium, there has developed the closer co-operation and understanding 


Using development 


Ordnance 


very great need, for, through its 


which is so necessary in the fulfillment of any program involving more 


than one rency. 


Col. Robert E. Wyllie 


Chief, Equipment Section, Operations Division, 
War Department, General Staff 


From the standpoint of the General Staff I have no hesitancy in 


saying that the establishment by General Williams of the present 
Ordnance Committee is one of the most important forward steps that 
have been taken in the army in the development of matérie We al 
know the feeling which existed in former times, how the line accused 


which it, the line, did not want 
that the line demanded 
Committee have re 


the ordnance of 


and the 


providing equipment 


ordnance in their turn complained 


the impossible. The meetings of the Ordnance 


moved all such friction, there is a better understanding on both sides. 
The Ordnance Department is acquainted with the tactical require 
ments, while the line has a proper appreciation of the difficulties 
which beset the designer and producer, and the supervisory work of 


immeasuré bly 





the Operations Division of the General Staff is made 


approval 


easier, When the using and producing services agree the 

of the Secretary of War becomes almost a perfunctory matter, con 
sequently the work of the Operations Division now amounts to hardly 
more than keeping such track of development as will assure it that 
the services do agree and that the matériel developed is satisfactory 
to both the user and producer All other supply agencies have now 
adopted this committee plan with the most excellent results, but the 


credit for its initiation is due 


Ordnan 


absolutely to the present Chief © 





Joint Meeting 


Ordnance Section, American Society of Mechanical Engineers 


and 


Army Ordnance Association 
Rock Island Arsenal, Illinois 
May 27 and 28, 1921 


For details see page 281, this number 
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Shore Batteries vs. Battleships 


Notes on Firings Against the Old Massachusetts, Pensacola, Florida 


W. B. HARDIGG 


URING the past year, the U. S. Battleship ex 
Massachusetts was dismantled by the Navy Depart 
ment and was turned over to the Chief of Coas 

Artillery for use as a target for Seacoast Artillery. The 
old Massachusetts was laid down in 1891, launched in 1893, 
and put into commission in 1896. She was partially re 
constructed in 1905. She had a displacement of 10,288 
tons; waterline length, 358 feet; beam, 69 feet, and draught 
of 28 feet. Her main belt armor (Harvey) was 18 inches 
to 15 inehes, 17-inch bulkheads, 3-inch deck, 17-inch bar 
bettes. All of the armament and the serviceable fixtures 
worth salvaging were removed before the vessel was towed 
to Pensacola Harbor to serve as a target, but the armor was 
left intact. 

In December, 1920, the Massachusetts was grounded on 
a sand shoal about 4,000 yards off Old Fort MeRae and al 
most 4% mile from the ship channél leading into Pensacola 
Bay. The ship was placed so that when she rested on an 
even keel on the sand the depth of water was equivalent to 
her normal draft, and so that her port main-belt armor was 
exposed to the fire of the guns in the coast defenses oi 
Pensacola. Shortly after the vessel was grounded a heavy 
storm caused her bow to swing about the stern as a pivot 
through an angle of approximately 60 degrees and gave her 
a list to seaward of 154% degrees. The new presentation 
ot the ship prevented the attack of belt armor from the 
shore guns. 

Prior to the grounding of the ship the Coast Artillery 
Board drew up a program of firings to be conducted against 
her. The program was approved by the proper authorities 
and the necessary ammunition and equipment sent to Fort 
Barraneas for conducting the firing tests. 


hixes 


The program ineluded firings from a 12-inch gw 


battery with armor piercing shot and shell; a 12-inch fixed 
mortar with deck-piereing shell both inert and explosive; 
a 12-inch railway mortar with deck-piercing shell, and fron 
a 12-inch railway gun with 12-inch armor-piereing shell. 
In addition, 3-inch and 5-inch star shells were to be tested 
at night. 

Early in January the Coast Artillery Board, consisting 
of the following officers: Maj. F. H. Smith, C. A. C., presi 
dent; Maj. Quinn Gray, C. A. C.; J. H. Pirie, C. A. C.; L 
B. Bender, Signal Corps, members, and W. B. Hardigg, 
Ordnance Department, temporary member, proceeded to 
Fort Barraneas to supervise the firings. 

The program was gotten under way as soon as th 
Weather permitted, the first firings being made from the 
12-inch fixed mortar with 1,046-pound shells. Three hits 
were obtained, one entering the forward stack at its june 


ture with the supersiructure, emerging below the berth deck 
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and tearing a rent of about 30 square feet area in the stac 
at the point of egress, continuing its way through the boiler 
room, and, so far as eould be determined, entirely throug! 
the hull. The other two fell between the stacks on the port 
side of the center line of the ship. These rounds also 
pertorated the ship. 

The next series was fired from the 12-inch fixed gun bat 
tery at short mid-range. Five hits with A. P. shells were 
made—three forward, one in main belt and one aft. The 











Damage to Superstructure by Fragments from a Shell 


hits forward wrecked the forward compartments on th: 
berth deck, cutting the bulkheads and arehing up the mai 
deck, wrecking the anchor-chain locker and starting a fire 
in some timber work left in the vessel. The hit aft wrecked 
the ammunition-handling facilities of the port 8-inch turret 
completely wrecked the water-distilling installation of the 
ship, and distorted the plates, turret barbette and base of 


cage miast. Che shell bursts eut dozens ot 


unprotected 
communication lines and did considerable superficial dam 
age. The hit on the main belt was at a very unfavorable 
angle and caused practically no damage. 

Armor-piereing shot were next fired from this battery 


The main belt was presented at such an oblique angle that 


no hits were placed in it. Three hits were placed in the 
forward turret and two in the superstructure. The hits 
on the turret were not fair hits; the first, being a very 


oblique hit at the top of the turret, cut a groove in the 
turret armor and passed to sea. The seeond ripped ope: 
the main deck for a distance of about 12 feet and struc 


t an oblique angle. rhe armor pla 


the turret casemate a 
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distance of about 18 teet, 
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struck was slightly displaced. The third hit cut open the at about 4,500-vyard range and from a 5-ineh gw about 
berth deck, passed through the supporting beams for a 6,000-vard funetioned well, an when 
and caused a considerable dis- properly placed, the ship stood out boldly to observers at 

ranges under five thousand yards, but at great anges 


placement of the armor plates struck when the projectile 
“kev-holed” without penetration. In the superstructure, and when the line of 
one shot cut through practically the entire width of the 
bridge deck, the other penetrated the forward stack and 
cut the main deek for a distance of about 30 feet. doing The purpose 
slight damage to ammunition hoist on the starboard side. 
The projectile burst and did superficial damage to thin 
plating about the barbette of after 8-inch turret. 


Firings from the 12-inch 
Weather conditions were 
unfavorable, and as th 
range was considerable 
from this piece, some trou- 
ble was encountered in the 
range adjustment. When 
visibility improved, how 
ever, the fire was adjusted, 
though a 50-mile gale was 
blowing aloft. Two hits 
were placed between the 
smoke stacks, one to port 
and one to starboard side 
of center line. The hit to 
port perforated the ship, 
while the hit to starboard 
burst just inside the belt 
armor. The decking on 
the berth deck was blown 
up over a_ considerable 
area. The presence of 
water rendered it imprae- 
ticable to determine the 
damage below deeks from 
this hit. 

Additional firings from 
12-inch fixed mortar were 
then made. Two hits were 
placed between the stacks 
near the center line of the 
ship. These projectiles 
penetrated below protec 
tive deck and presumably 
pertorated the hull of the 
vessel. 

Firings were next made 
from the 12-ineh railway 
gun. Two hits forward 


were made before the firings were suspended. One hit burst tion are sound. 


on the main deck, the slope of which was but little different sels in an attack on our land defenses are exposed to speedy 


was not clearly 


the etfectiveness of 


from the ohserver to the star 


did not pass through or very close to the vessel, tlie vessel 


conducted was to determine 
seacoast ammunition from reserv: sup- 
plies against the vessel, and to confirm or to cause changes 


in certain policies ot design of seacoast ammunition, and 


railway mortar were next made. to determine the relative value of several types of seacoast 
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Destructive Effect of a Single Shell 


defense weapons. 
The shifting of 
sel due to action ot the 


ie Ves- 


wind and waves prevented 
the attack of the main belt 
with any hope of perfora- 
tion, so that the question 
as to whether the armor or 
projectile of two deeades 
ago overmatched was _ not 
settled. The projectiles 
allotted for this part of 
the test were made shortly 
after the close of the 
Spanish-American War. 

The firing of the high- 
angle weapons clearly in- 
dicated that vessels of the 
Massachusetts type have 
no adequate armor defens 
against this type of attack. 

The long-range _ firings 
indicated that a large an- 
ele ot fall is a great ad- 
vantage in the attack of 
armored vessels. 

In general, the firings 
against the old battleship 
confirmed econelusions 
drawn from the informa- 
tion gleaned from study ol 
reports of damage done by 
gun-fire during the World 
War. We ean now feel 
more fully assured that the 
policies laid down for fu- 
ture design and supply ot 
seacoast guns and ammuni- 


Furthermore, it was shown that war ves- 


from the angle of fall of the projectile. This hit blew a destruction as soon as they come within range of the eurved- 


large hole in the main deck and did some superficial damage. fire guns. 


The other entered the side of the vessel just forward of the 
collision bulkhead, penetrated this bulkhead, which was prac 
tically detached from the sides of the vessel due to previous 
shell bursts, penetrated the berth deck and burst near the 
orlop deck, which was submerged. The detonation of this 
projectile opened up the seams in the side of the vessel at 
the orlop deck for a distance of about 20 feet, blew up 
the berth deck-plates over the area of the detonation, put 
an additional arch in the main deck and opened up a seam 
several inches wide between main deck and side plates of 
vessel for a distance of about 20 feet. 

In addition to the firings from the large caliber guns, 
star shell were fired over the vessel from 3-inch batteries 


projectiles. 


world. 





pact up to 25° from normal. 


During the past three years great progress has been made 
in the design, manufacture and testing of armor-piercing 
American manufacturers have produced 2, 
14 and 16-inch projectiles which have passed, satisfactorily, 
tests under specifications requiring penetration of armor- 
plate in condition for effective detonation at angles of im- 


The ballistic qualities of these projectiles have also been 
so improved that, at the present time, it is possible to say 
that America can produce, and has produced, armor-piere- 
ing projectiles which are, so far as is known, the best in the 
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Var- lime Production of Optica 
Munitions 


RR. 
by 


F.E. WRIGHT 


[The wr of this article it, Ce Wright. Ord. R. ¢ i 

during the war From April, 1917, to May, 1918, he was in charge of 
Lomb Optical Company plant at Rochester, N. Y He was the Army R 
the War Industries Board; chairman of the Army Commodity Comm 
and Supplies; and later was assigned to the instrument section of th 
for optical matters From January to June, 1919, he was occupied ch 
sights for use in the control of fire by long-range seacoast batteries H 
1919 During the war he had exceptional opportunities to study the 


its war-time development and the c« 


nelusions stated in the present arti 


HE optical glass and instrument situation during the 
World War had much in common with that of the 
production of other kinds of munitions. In all 
branches of manufacture similar difficulties arose because 
of the lack of trained personnel, of manufacturing and 
transportation facilities, and of proper co-ordination of the 
many diverse elements involved. These difficulties hay 
been emphasized repeatedly in articles and reports, and, 
were it not for the fact that the optical industry is in some 
respects unlike any other, comments on its war-time de 
velopment would be superfluous and of no real interest. 
The only justification for an article on the production 
of optical munitions is to emphasize certain lessons which 
were deeply impressed upon the minds of a few, but which, 
in general, are hardly appreciated and may soon to be for 


| 


gotten. The purpose of the present article is to interpret 
some of the difficulties encountered during the war in the 
production of optical glass and of optical instruments 
rather than to deseribe them in detail. 

Optical instruments are essential in modern military op 
erations not only for detecting details of distant objects 
but also for directing artillery fire; in case of war they 
must be available in adequate quality and quantity for 
use by the field forees. For the many types of optical 
instruments required by the different branches of the service 
much good optical glass of several different types 1s needed ; 
trained operators and ample plant equipment are also 
necessary tor the production of the desired lens systems. 

When we entered the war in April, 1917, optical glass 
being manufactured it 


of satisfactory quality was not 


quantity in this country. The methods for its manufac 


ture were inadequately known; no one with first hand 
knowledge ot manutacturing processes was available: and 
it Was a serious question whether we would be able to 
produce optical glasses of satisfactory quality in quantities 
sufficient for the needs of the Army and Navy. At that 
time five different plants, spurred on by dire necessity be- 
cause the customary sources of European supply had been 
closed several years before, were trying to produce optical 
glass in this country but with only indifferent success. 
These plants were the Bausch & Lomb Optieal Co. at 
Rochester, N. Y.; the Bureau of Standards at Pittsburgh, 
Pa.; Keutfel & Esser of Hoboken, N. J.; the Pittsburgh 


Plate Glass Co. at Charleroi, Pa., and the Spencer Lens 
Co., at Hamburg, N. Y. 

Approximately a ton of good optical glass per day was 
required to meet the needs of the Army and Navy. The 
total production, however, did not exceed 4 tons per month 
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dentifed th the manutacture of optical gias ind optica nat ments 

development of the manufacture of optical glass at the Bausch & 
epresentative on the Military Optical Glass & Instrument Section of 
ittee on Optical Glass and Instruments under the Director of Purchases 
e Arti ery Division of the Ordnance Department and made responsible 


efly with the design and construction of experimental instruments and 
e was President of the Optical Society of America during 1918 and 
many prob'ems which arose in connection with the opt cal ind istry and 
le are the outcome of these experiences E! 


of optieal glass of indifferent quality. To avoid a real 
calamity both the rate of production had to be increased 
rapidly and the quality of the glass improved in order to 
meet the conditions of high precision imposed by fire 
control instruments. It was realized that to attain this 
degree of precision a group of men accustomed to re 
search problems similar to those met with in optieal glass 
manufacture should be put on the job. Fortunately there 
existed at that time in this country a scientific research 
laboratory with a personne] experienced, not in the man 
ufacture of optieal glass, but in the fundamental principles 
underlying its manufacture. In the emergency the Gov 
ernment, through the National Research Council, appealed 
to this laboratory for assistance. The appeal was favor 
ably received and on April 16, 1917, the resources of the 
Institution of 


Geophysieal Laboratory of the Carnegie 


Washington were offered to the Government tor the period 
of the war, the expenses to be borne nN the Carnegie Insti 
tution without aid from the Government: the offer was ae 
cepted and the problem of optical glass manufacture was 
attacked as would any similar research problem have hee 
attacked The research investigator is constantly racing 
new and unexpected problems in his own work and dé 
velops, as a result, resourcefulness and adaptability as 
well as the faculty of proceeding directly to the essentials 
of a problem. Shortly after the work was entered upon, 


he more Important defects of the existing practice were 


discovered by the scientists and appropriate remedies wer« 
devised to overcome them. The total contribution of the 
Geophysical Laboratory to this undertaking was approxi 
mately $200,000, but the results attained justified the ex 
penditure. 

A great variety of problems arose in connection with 
the manufacture of optical glass. These ineluded prob 
lems of factory organization, of factory operation, of the 
procurement and transportation of raw materials, of class 
melting pots and of coal; also the more difficult task o! 
obtaining hearty co-operation from certain manutacturers 
who were vitally interested, but who extended formal co 
operation only with a strong under-current of passive re 
sistance. Co-operation of this kind leads to innumerable 
delays and unfulfilled promises and must be treated both 
tactfully and firmly to accomplish the desired results. In 
the game of war-time production everything is subordi 
nated to the one object of producing the desired material 
within a definite period; the military program requires 
munitions of many different kinds and it is the task of the 
manufacturing forces of the country to furnish these on 
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time. Everything else, including expense, is subordinated, 
for the moment, to speed; as the manufacturing program 
gathers momentum, the obstructionists and half-hearted 
co-operationists either learn their lesson or they are elim- 
inated. Under the stress of high speed production sug- 
gestions and plans for inereasing the rate of production 
are made and if, after adequate test, these prove to be sat- 
isfaectory, they are introduced into the factory routine. 
Many of these suggestions come from outside plants. 
Under the emergency conditions manufacturers of broad 
vision are willing to exchange, with their peace-time com- 
petitors, information on factory practice, with the result 
that over the entire country the manufacture of munitions 
soon attains a state of efficient operation. 

The procurement and the transportation of the raw 
materials for optical glass required constant attention 
throughout the war period. At first it was necessary to 
locate satisfactory sourees of supply for these materials. 
Specifications had to be stated with reference both to the 
optical glass requirements and to the chemical manufae- 
turing possibilities. Many chemical manufacturing plants 
were visited by members of the Geophysical Laboratory 
before the details of the supply of raw materials were 
properly arranged. The problem of transportation con 
tinued to be a constant souree of trouble. Innumerable 
delays in the shipment of raw materials occurred; in many 
instances the General Munitions Board, and later the War 
Industries Board and the Production Division of the Ord 
nance Department rendered valuable service in expediting 
railway traffic. It is inevitable, however, that in a war- 
time emergency railway traffic is overtaxed. Under these 
conditions it is the duty of each manufacturer of muni- 
tions to stock, as early as possible, adequate quantities o! 
supplies so that the inevitable delays in the transportation 
of additional supplies do not retard produetion. At one 
time during the early months of the war forty different 
manufacturers were actively assisting in the manufacture 
of optical glass, chiefly in the supply of the necessary 
raw materials and of glass melting pots. In the develop- 
ment of melting pots of high chemical and thermal re 
sistance the Bureau of Standards aided materially. 

The question of fuel and gas for the glass melting 
furnaces and other operations became serious during the 
coal shortage of the winter of 1917-1918. When it is rea- 
lized that the glass plant at the Bausch & Lomb plant 
alone consumed 33 million eubie feet of illuminating gas 
per month, a quantity sufficient to meet the needs of a 
city of 80,000 inhabitants, the seale of its fuel consump- 
tion and of the difficulty of meeting the situation ade- 
quately is apparent. 

From April to December, 1917, the efforts of the Geo- 
physical Laboratory were concentrated chiefly on the de 
velopment of the manufacture of optical glass. By Decem- 
ber, 1917, the production of pot optieal glass had reached 
40 tons per month at one plant (Bausch & Lomb); the 
processes of manufacture had been mastered for the most 
part; and subsequent efforts were directed chiefly to an 
increase in the manufacturing capacity for optieal glass 
throughout the country. Early in December the Geophysi 
eal Laboratory took charge of the Spencer Lens Company 
plant, and, as a result of hearty co-operation on the part 
of this firm and of a modern though small plant, was able 
to produce satisfactory glass from the first melt on. Late 
in Deeember the Geophysical Laboratory assumed _ practi- 
eal charge of the Charleroi plant of the Pittsburgh Plat: 


Glass Company. This plant was an old plate-glass plant 


in which the Pittsburgh Plate Glass Company had installed 
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16 single-pot glass-melting furnaces of a blast furnage 
tvpe and had tried unsuccessfully for several years to 
produce a satisfactory product. At the time the Geo. 
physical Laboratory group arrived at the plant several of 
the problems involved to place the plant on a running 
basis were not at first apparent, especially the lack of 
temperature-control in the glass melting furnaces and the 
impossibility of establishing such control with the systen, 
then in operation. To remedy this each furnace had to 
be equipped with individual blowers and many fundamental] 
changes effected before satisfactory production could he 
attained. This required some months and proved to he a 
task of considerable difficulty partly because of a lack of 
appreciation on the part of this company of the signif. 
eance of the factors underlying the manufacture of optieal 
glass and of the faet that optieal glass is not plate glass, 
nor is a plate-glass maker necessarily a competent maker 
of optieal glass. In retrospect it is now evident that better 
progress would have been made, more glass produced, and 
much money saved, had either a new optieal glass plant 
been built or, for example, the plant of the Spencer Lens 
Company been expanded rather than the attempt made to 
remodel an old plate-glass plant. Experience proved 4lso 
that in the manufacture of optical glass it is better to start 
with new hands than with plate or other glass-makers, who 
are necessarily prejudiced and do not readily change their 
attitude of mind toward certain factory operations. The 
conservatism and inflexibility of the ordinary faetory hand 
can be appreciated only through actual manufacturing ex 
perience. 

It would seem to be a wise policy for the Government 
in time of war to concentrate its efforts on two plants for 
the manufacture of optical glass rather than three or more. 
In two plants properly situated adequate quantities of 
In this 
connection, however, the increased destructiveness of air- 


optical glass ean be produced to meet all needs. 


plane bombs and other demolition agencies should be con- 
sidered. In ease an existing glass plant is offered for con- 
version to the manufacture of optical glass its adaptability 
for the purpose should be earefully considered before the 
conversion is sanctioned. 

The first government contract for optieal glass was 
placed in October, 1917. At that time there were no In- 
spectors available for the inspection of optical glass. Ae 
cordingly it was necessary to ascertain first the relative 
competency of the different methods available for the i- 
spection of optical glass and to devise new methods it 
case the existing methods were found to be inadequate or 
A satisfactory routine for inspec 
tion was thus established. Army Ordnance inspectors wer 
then trained to the task and later Signal Corps and Navy 
Inspectors. The first deliveries on this contract were made 
in November, 1917. 
to establish inspeetion on a firm basis both Army and Navy 
Inspectors were kept in close touch with the factory opera 


otherwise unsuitable. 


In order to expedite production and 


tions. They inspected large quantities of glass in process 
of manufacture before it had reached the stage for final 
inspection and acceptance. Although this practice was 
different from the established Government procedure to in- 
spect only the finished articles specified in the contraets, ! 
was found in every instance to be beneficial both to man 
ufacturer and to inspector because it led to a clear under- 
standing of the significance of the specifieations and 0! 
the steps essential to meet them satisfactorily. 

In each Government contract for optieal glass the toler- 
ance limits for refractive index and optical constringene 
were made as large as possible, about -+-0.002 in retractive 
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WAR-TIME PRODUCTION 


index, =D, tor each type of glass. But in the early months 
of the war good melting pots were not available and it 
was difficult for the manufacturer to hold the melts of a 
given type even to these limits. The difficulty was over- 
come, in part at least, by shipping to a given manufae- 
turer glass so selected from the different melts that the 
range of refractive indices was within certain tolerance 
limits. Unfortunately this plan was not followed consis- 
tently because of lack of proper care at the Army and Navy 
distributing centers and, as a result, many manufacturers 
did receive shipments containing glass with much wider 
variations in refractive index than should have occurred; 
much time was thereby needlessly lost in changing and 
adapting tools to meet the relatively large fluctuations in 
refractive index. This situation arose because of a lack 
of appreciation on the part of certain Army and Navy 
officials of the optical glass requirements. The same lack 
of optical sense led one zealous officer to enter a glass 
plant before adequate inspection had been installed, and 
to order sent to a manufacturer who was much in need of 
glass about a ton of glass which had not been adequately 
inspected. The manufacturer in turn failed to inspect the 
plates before putting them into work, with the final result 
that several thousand, otherwise high grade prisms, had 
to be rejected because of faulty glass.. This case is cited 
beeause it shows that the officer’s action, commendable as 
it may have been in some respects, led only to .disaster 
and waste of effort, because the material with which he 
had to deal was optical glass and not simply glass or 
copper or zine for which his order might have been justi 
tied. The war-time experience proved the need and value 
of trained personnel to organize and co-ordinate scien 
tifie and technical work; it proved the futility, as in the 
above case, of assigning any man or officer to a techni 
eal task for which he has no background of experience. It 
demonstrated the necessity of centralizing among a chosen, 
competent few the task of handling the many tactors which 
arise in connection with a teehnieal matter such as optical 
glass and optical instruments. The records show that this 
plan was finally adopted with the result that in the latt 
part of 1918 the optical glass situation was well ¢o-ordi 
nated and well in hand. 


Too strong 


emphasis cannot be placed on the need for 
properly trained personnel to handle technical problems o 
this nature. In the last analysis personnel is the prime 
factor involved, and the nation which, during peace times, 
properly organizes and co-ordinates its seientifie and tech 
nieal forces so that they. ean be called upon in an eme 


geney, has an immense advantage over a nation whose 


Army and Navy are out of touch with these torees. Proper 
co-operation between the civilian and military elements is 
essential in peace-time if there is to be an effective work 
ing together during war-times. Failure to appreciate this 
tact before the war cost this country much during the war 


and after. In highly technieal lines, especially those which 


have to do with engineering and scientifie problems where 
special skill and experience are necessary, civilian experts 
are commonly in elose touch with the details and are in 

position to give good advice and aid. One of the chief 
difficulties encountered in the optical instrument situation 
during the war was the remedying of errors made by offi 
cials and officers who had been detailed to the job but who 


lacked knowledge of the problems and were in many i 


stances a hindrance rather than a help. 
This situation can be met only by a realization of the 


need for the adequate training of a selected few men in th 


Army along optical lines, not simply as users ol optical li 
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struments, such as range-finder and field-battery observers, 
but also as inspectors of optical instruments. It is equally 
essential that a certain number of civilians who are well 
grounded in optical theory be instructed from time to time 
in ordnance optical instruments, their field use, care, and in 
spection, so that in case of war these men may be ready as a 
nucleus to bear the burden of inspection and manufactur- 
ing supervision and to train others rapidly to beeome quali- 
fied inspectors. If a peace-time policy of this sort were 
followed, civilian interest in these matters would be main- 
tained, with the result that in the event of war a potential 
organization of high efficiency would be available. War- 
time experience proved that men with a good working 
knowledge of optics soon beeame proficient inspectors and 
officers competent to handle optical matters; but that men, 
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Pouring molten glass on flat iron table to be rolled into large 


sheets. 
without this background of optical training, assigned as 
officers to optical-instrument problems, proved incompetent 
and did actually more harm than food, stopping produetion 
here because ot the arbitrary setting of tolerance standards 


whieh could not be met, and expediting production ther 


} 1 
+} 


which eventually proved to be useless because of the laek 


ot propel tolerances and competent supervision. In retro 


spect these occurrences may he passed over with equanim 


tv, but during the war they meant constant trouble and dis 


couragement, both for the manufacturer and for the field 


forees; nor did it increase the respect of the manufacture) 
to tind the Inspector ignorant of the essentials of the teehni 
cal subject to whieh he had been assigned and henes 
competent to deal intelligently and constructively with it 
On the other hand, it was an inspiration to witness the zeal 
and ability with which a certain few officers and civilians 
of thorough grounding attacked and solved the problems; 
and particularly to see manufacturers lay aside other work 
in order to undertake the making of the military optical 
instruments needed by the field forces. It was this spirit of 
willingness to tackle a job and see it through that carried 
the manufacturing program through to a suecesstul end in 
spite of the lack of preparation and adequate training; but 
the cost of so doing and of learning by experience was ex 
eceedingly high. 

Early in 1918 the requests tor optical glass became so it 
sistent from so many manufacturers that in March, 1918, a 
special section, called the Military Optical Glass and Instru 
ment Section, was created by the War Industries Board to 


handle the situation. It soon became necessary, becaus 








250 ARMY 


wa 


of the very large demands of the Army and Navy for op- 
tical instruments, for this section to take complete charge 
of the industry and, by a system of permissions, to supe 
vise the entire output of all manufacturers of optical glass 
and of optical instruments. Commere.al orders were ré 
stricted to absolute necessities: requests Tor priority were 
passed upon. The optical glass, as produeed, Was con- 
trolled and distributed by 


ernment departments and to manufacturers having direct 


this section to the several Govy- 


Government orders. It was through this absolute contro! 
of the optieal-glass output that the entire optical industry 
could be so easily and effectively controlled. Responsibility 
for the manutacture of the required quantities of optical 
glass was placed with the Director ot the Geophvysieal 
Laboratory. 

Statistical reports were prepared weekly at the different 
plants showing the amounts of different types of optical 
glass ready for final inspection. 

The requirements of the Army and Navy tor optieal in 


struments were carefully tabulated and their relative needs 
Allocations of opti- 
This 


mode of operation of the section proved suecesstul in ever\ 


for optical glass thereby ascertained. 
eal glass were made with reference to these needs. 


respect. The manufacturers, realizing the necessity for cen- 
tralized coftrol, entered into the plan wholeheartedly, ac- 
cepted the rulings and requests of the section and observed 
them conscientiously. The chief function of the War In- 
dustries Board was not to restriet industry, but to direet it 
effectively to work on munitions. 

Both the Army and Navy placed orders for optical in- 
struments during the early months of the war, at a time 
before intimate contact with the armies in Europe had been 
established. With one or two exceptions these orders were 
placed with optical-instrument makers of established repu- 
tation who were in a position to produce the articles o1 
dered provided the necessary optical glass were made avail- 
able. The orders, moreover, were for certain standard in- 
struments, such as range-finders, aiming cireles, battery 
commander telescopes, naval gun sights, field glasses, cam- 
era lenses, ete. These orders effectively covered the entire 
manufacturing capacity in this country tor 1917 and 
of 1918. 
nized standing and, in case an inexperienced firm solicited 


part 


The poliev of placing orders with firms of reeog 
| é | 


a contract, of awarding a part only of the required numbei 
to the new firm and the remainder to an old firm, proved to 
be a wise policy. The old firms proceeded to fulfill the con 
tracts, and in time delivered the instruments; many of the 
new firms required assistance, and in this connection the 
War Industries Board aided materially. 

By the end of 1917 requests for many new types of in- 
struments which the European armies had found useful in 
the field, began to flow in from the American Expeditionary 
Forces. The optical industry was then confronted with the 
that the 


practically bespoken for some months to come. 


situation available manufacturing capacity was 
The result 
Was an energetic appeal to each manufacturer from the sev- 
eral departments of the Army and Navy to accept more on 
ders, each department considering only its own needs. 


Careful search was made for manutaecturers who might be 
By February, 1918, 


beeause of the 


persuaded to undertake optical work. 


the general confusion which existed many 


diverse, non-co-ordinated agencies at work led to the reali- 
short 


zation of the need for centralized control, and in a 


time turnished additional reasons tor the formation of the 
Military Optical Glass and Instrument Section on the Wan 


Industries Board. 
In April, 1918, an 


Army Commodity Committee on Op 
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tical Glass and Optical Instruments was formed, with the 
Army Representative on the Optieal Seetion ot e War 
Industries Board as Chairman, for the purpose -ordi- 
nating the Army needs for optical instruments 3s ¢OmM- 
mittee functioned under the Director of Purchases Sup- 
plies. It held monthly meetings and served to ° to 


rether the Army ofticers direetly coneerned wi 


optical 


munitions. One of the results ot the efforts of Uireetor 


ol Purchases and Supplies was the consolidati n the 


Ordnance Department, ot the procurement ot Dtieal 
munitions tor the Army with the exception of a 


special 
instruments. Strenuous objection to the consoli mv 
made at first by certain Army departments on the plea that 


special knowledge was required to purehase t] tieal iy 


struments required HN them: but the results o Is eon 
solidation proved that the fears thus expressed wer 
groundless, partly because the Ordnance Departm« iffieer 
directly responsible for the pro¢urement of optical muni- 
tions was thoroughly trained to the task and « riences 


In Optical matters. 
From April to August, 
by the War Industries Board, 


{ 


LOIS, an earnest effort iis made 


Navy to 


wluetion 


the Army, and the 
interest manufacturers who might undertake the »: 
was that many firms who 


of optical munitions. The result 


had never done work of this kind patriotieally aecepted 
contracts for instruments or optical or mechanical parts 
and at the time of the signing of the Armistice were pro- 
ducing satisfactorily. In general, the poliev was followed 
to let high 


perienced firms and to reserve the simple types ol 


contracts for instruments of precision to ex- 


4 


ments tor the less experienced makers. 


Asa 


nance Department established a training 


further incentive to expedite production, the Ord- 
school Tor lens 
and prism operatives at Rochester, N. Y. It was felt that, 


might 


the wai At the 


were the opportunity offered, many young wome 


engage to do work of this kind during 


Rochester school a number ot operatives were thus trained; 


but the experience was not altogether satistactory, chiefly 
hecause of a lack of real interest and support on the part 

A school 
of this nature, to be suecesstul, requires the enthusiasm and 


these evident 


of the large optical manufacturers in Rochester. 


{ 
, 1 7 
iv @ould not be 


interest of good teachers, and 
spared by the larger manufacturers. A second, more sue- 
cessful school, was established at Pasadena, Calif., for the 
training of expert grinders and polishers for precision op- 
This 
In connection with the optieal shop ef the Mt. Wilson Ob- 
Washington. 


ties, chietly root-anele prisnlis. schoo! Was operated 


servatory, of the Carnegie Institution of 


The optical industry during the war proved equal to the 


emergency and, by the time the Armistice was signed, was 


rapidly approaching the peak value of deliveries. Produe- 


on and deliveries were proceeding on an immense scale. 


ti 
By this time the industry had been well organized and co 


ordinated. New additions had been made to old tactories, 


factories had been erected and a manufacturing ¢a- 


new 
pacity for optical instruments adequate to supply the needs 
of both the Army and Navy for 1919 was available. This 


condition had been practically attained by September, 


1918. Many of 


were, however, direct copies of 


the instruments in course of manutacture 


European instruments and 


manufaeturers complained because the designs had not 


to American methods of quantity 


pot h In 


been made with reterence 


production. In many Instruments a great saving 


time and expense could have been effected by appropriate 


: » 1d 
changes in design without affecting in the least the feild 


tl this 


accompl 


have been re- 


performance of the instrument; but to 


properly, time and much consultation would 
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war it was decided best 
ces, to go ahead with produetion 
n if they were direet copies of European instr 
isure the desired output. 


production had heen established, production, i 


optical plant \ 
the instruments 


different departme 


| + ] . 
The optieal-insti 


deluged with ¢om 


ers them- 


eause Ol 
trv D\ 
transl 


Atte 


ment ol 





tl > 10 peace Lime 
ie Crvil War there was no corresponding adjust 
the optieal industry. The total value of orders 


r the Civil War was almost neeli 


optical apparatus during 


ble. During the recent 


Navy orders for optical munitions was over $65,000,000.00, 


of which about $50,000,000.00 was for the Army. 


may be 


hence no one ean tell; but, if the lessons of 


have not been entirely forgotten, this country will be in a 


better position to produce the necessary optical munitio 
than it was in April, 1917. 
The records show that during the recent war we 


no assistance, either direct or indirect, from other countries 








in the solution of the problems of optieal-glass manutae 


ture. 


Breaking off pot walls 


The details of optical-glass manufacture were 


optical instruments, 


secret in all European countries and were not to be divu 


is plan unworkable. 


even under the stress 


proved possible for us to make good optical glass wil 


problenis ore red 


the knowledge of these seerets, which, in point of fact, 


The particular problems, moreover, 


prove to he double e 


1 and serve to impede progress ane 


to be an actual hindranee rather than an 


The results o othe departm nts; 


turer if he holds them in too high esteem. 


work are being published freely, because we fee 


hn separate sec 


manufacture of optical glass secrets serve no uset 


Although large quantities of optical 


optical 


evlass is an essential public money. 


is, therefore, a sin: faet that both 


servation. 


la rly 


contro] 


The optieal lass industry 
unportant key-industry, the control of which Department is responsible 


a whole series of industries and of 


technical 


were unable to 


lor this reason that 


ll Army optical 


lon reg 


It is 


its manufacture trom othe 
fair and just to admit that 


man \ other elements essential for the production oL opti 


flass 


mace 


In this country were tavored by 


a tuture emergency 


ean hardly 


] . . ; } 
a laboratory ot similar expe? 


ence Ww} 


the manutacturers w 


the relLore, a Wise 


builded 
builded so wisely beforehand. 


lor the 
glass 
tor opt 
tainine 
time, 

possible 
tain ot] 
SIML ar 


ments 


lo store 





vernment to encourage the manutacture of optica 
fical Optical or: 
manulacturers, 
the organization and, 
reserve stock of good glass against 
This poliey is 


son especially that 


consolidated into one lare 












The Aberdeen Proving Ground 


By 





H. W. SCHULL 


Member A. O 


HE Aberdeen Proving Ground, although a develop- 

ment of the World War, is a permanent Army Post. It 

is the place where the Ordnance Department of the 
Army conducts its test in connection with the development, 
proof and acceptance of all kinds of ordnance materiel, in- 
eluding machine guns, field cannon, anti-aireraft cannon, 
railway cannon, tractor-drawn and tractor mounted cannon, 
tanks, ammunition, bomb, and bomb sights for aircraft use, 
ete. Nowhere in the United States can such a variety of 
ordnance be seen in action, a faet which has resulted in its 
being chosen by the Army Ordnance Association as the 
place for holding its last two annual meetings. 

For many years prior to the entrance of the United 
States into the World War, and subsequent to that time, 
antil about January 1, 1918, praetically all experimental 
and proof work in connection with the development and 
acceptance of ammunition and cannon for the army was 
performed at the Ordnanee Proving Ground at Sandy 
Hook, N. J. 

Very early in the war, however, it became evident that 
the facilities and space existing at the Sandy Hook Prov 
ing Ground would be altogether inadequate and that a 
vastly greater land area would be absolutely necessary to 
earry out simultaneously and without interruption the many 
activities in connection with proof and development work 
under the great ordnance manufacturing program. In con- 
sidering the of the for the new 
ground, many places were investigated and a very thorough 


seleetion site proving 
study of the subjee¢t was made before the present location 
was chosen. 

A matter of prime importance in the seleetion of the 
proving-ground site, especially during the war, was the 
question of its aecessibility from the principal manufactur 
ing and industrial centers of the country. Other questions 
of equal or almost equal importance were those of obtaining 
a site where the weather conditions were favorable through 
out the vear, and an area large enough and sufficiently re- 
mote to permit work to go on uninterruptedly and without 
undue danger or disturbance to the adjacent communities. 

The Aberdeen Proving Ground site seemed to fulfill most 
of these conditions better than any of the other localities 
that were considered available at the time. It is situated on 
the northwest shore of the Chesapeake Bay, about four 
the town of Aberdeen, Md., which is nears 
midway between Baltimore and Philadelphia. The trans- 
portation facilities are especially good, inasmuch as the 
main line of the Pennsylvania Railway and Baltimore and 
Ohio Railway pass through the town of Aberdeen, while the 
Chesapeake Bay affords opportunity to ship by water to 
and from all points. 

The Aberdeen Proving 
acres, and has a maximum length of about fifteen miles and 

The site became the 


miles trom 


Ground eontains about 35.000 


a maximum width of over four miles. 
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A. 


property of the United States in the early part of October, 
1917. It was at that time almost entirely given over to farm- 
ing, truek gardening and canning industries, and occupied 
by a considerable number of land owners and small tenants. 
All of these people, representing several small villages, had 
to be dispossessed, and vacate their homes by a date set in 
the latter part of December, 1917. The construction of the 
plant began immediately after the property was acquired. 

The first shot at the Aberdeen Proving Ground was fired 
on the seeond day of January, 1918. During that moath 
about 5,000 rounds were fired, and this number increased 
steadily each month until, during the month of August, 
1918, a total of 71,000 rounds were fired. These firings 
were all made in proof, acceptance or development of ord- 
nanee materiel, and the results had all to reduced to 
writing, recorded and forwarded to the various agencies in 
Washington and elsewhere for use in design work and as 
the basis for the acceptance of materiel by the Ordnance 


be 


Department. 

To out this work expeditiously necessitated the 
building up of a great industrial organization. On No- 
vember 30, 1917, the personnel at the Aberdeen Proving 
ot officers, thirty-five 
enlisted men and twenty-three civilian By 
September 30, 1918, this personnel had increased to two 


4,025 


carry 


Ground consisted ten commissioned 


emplovees. 


en- 


he 


hundred and seventy-two commissioned officers, 
listed men and 1,200 civilian employees. In addition to t 
the contractors were employing at the 
ground about 3,000 men on the construetion of the plant. 
The history the growth of the Aberdeen Proving 
is similar in respects to that of many other 
great projects in this country during the war. It ditiered 


above, proving 
ot 
Ground most 
materially in one important aspect, however, in that the 
proot work had to go on and grow simultaneously with the 


increase of the manufacturing program and with the build- 
ing of the plant. 

By the time the Armistice was signed a total of about 300 
buildings, of a temporary nature, for the housing of the 
military and eivilian personnel, including quarters, ar- 
racks, mess halls and hospital, had been construeted. Like 
all buildings of similar nature ereeted at plants and can 
tonments during the war, these buildings were of a more 


or less flimsy type, and are being torn down as rapid 
they can be spared. They should be replaced by proper) 
ot 


house 
bree 


constructed buildings sufficient capacity to 


permanent garrison soon as appropriations ome 
available. 
In addition to the temporary buildings, twenty-six build- 


nature were constructed, including a 


well-equipped modern machine shop, a carpenter's she 


ings of a permanent 


), a 


t 


railway station, a number otf storehouses, a power plan 


water towers, ete., also work of a permanent nature repre- 
es Ol 


sented by eleven miles of concrete road, seventeen mi! 

















THE ABERDEEN 


water } pe, fitteen miles of sewer pipe, fifteen miles of 


wiring, thirty-two miles of railway track, and 


er facilities needed to run a plant of this kind. 


electri¢ 
many © 

For |! 
locomotives, 
way cars and eight passenger coaches were kept and used 
This 


amount of equipment has, of course, since been greatly re 


purpose of transporting men and material, eigh 
seventeen locomotive cranes, thirty-four rail- 





continually at the proving ground during the war. 


duced and is now only sufficient to meet the needs of peace 
time conditions. 

The total cost of the Aberdeen Proving Ground to date, 
exclusive of the cost of operation, has been about $16,000,- 
000. Ol 
of land and the remainder the cost of construction of the 


this amount about $3,550,000 covers the purchase 


. proving ground, ineluding equipment. 
] The original appropriation for the Aberdeen Proving 











4 Mobile Artillery Firing Range 





Ground was $7 000,000, but us construction proceeded and 


the war program increased, one project after another was 





added to the original plans so as to kee }) pace with the in 

crease in the army. On the signing of the Armistice, work 

on most of the proving ground projects, uncompleted 

that time. was stopped or slowed down, and only those es 

3 sential to the operation of the proving ground in proof and 

: development on a peace-t me Dbasis have Since been earried 
to completion. 

With the exception of the land at the north end of th 
reservation, oceupied by barracks and quarters tor the gear 
rison, 2 nistri nulding, storehouses, shops, railway 
station, train vards, ete., nearly the entire area is availablk 

] for hiring ranges, recover, ields, hor ibing fields, ete.. and 
the fac ties and equipment are ery well adapted for the 
Various ¢lusses of \ I'l ha rise rl the ce vlopme nit and 
: proot of ordnance materiei. 

From the fun positions along the main firing front, whiel 
IS equi] nad with all pparatus necessary tor making special 
tests ot munition and mobile artillery up to 9.2” in eali, 
ber, a land range of from 25.000 to 30.000 vards mav be ob 
tamed. From the railway and seacoast artillery firing 
fronts a range over land of trom twenty to thirtv thousand 
yards, d over water up to sixtv thousand vards. is ob 
tainabl For observation of fire over the water, there ; re 
twelve ) ve towers a ntervals alone the eastern shore ¢ 
the Day roa distance ot twenty hve miles trom this fi ng 
Tront. 

The firing positions referred to in the preeedin: 
paragrayn atiord taeilities tor test y all calibe rs ar d kind 


Ol art 
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seacoast artillery. Apparatus is now being installed to en 
able necessary special tests to be made of tanks, tractors 
This will 


means for making complete dynamometer tests of gas en 


and self-propelled mounts. apparatus include 
vines and demonstrations with the vehicles assembled and 


disassembled to simulate road conditions and to ascertain 
whether or not the specifications under which procured are 
fulfilled. 

There is also under construction at this time a new firing 
range for testing small arms and machine guns and the 
ammunition therefor. Details of this range are deseribed 
in the article by Maj. L. O. Wright in this issue. 

For the purpose of assisting the Ordnance Department 
in econdueting tests of bombs, bomb sights and other air- 


craft armament, there are stationed at the Aberdeen Prov 














Firing Range 


ne Ground a Heavy Bombardment Squadron and i Bal 


oon Company of the Air Service The 


personne 


Bombardment Squadron assists the Ordnanee Di 


partinent In the colleetion of data used in the tests ol bomb 


sights and makes such tests as may be required of bombs 


The Balloon ¢ ompany also tests drop bombs, and for this 
purpose there have been provided bomb-testing facilities, 
such as a special building of oak lumber to be used as a 
target and an acre of conerete three teet thick to be used as 


tests 


target in certain special bombdropping : 
Che operation and maintenance of the Aberdeen Proving 


Ground is a tunction of the Technical Staff of the Ordnance 


Department, and all proot and development work at this 
place is carried out under instructions received from the 
lechmieal Staff, generally in the form of ordnanee pro 

rrams. hese programs deseribe in detail the work to b 
pertormed by the personnel of the proving g im nas 
much as the results of the tests performed determiné 
whether or not new designs are sat stactory or whether o1 
ot ateriel procured by the Ordnance Department by 
tract fulfills properly the specifications, the work must be 
performed at the proving ground wit! evreat care 

fo earrv out this work satistactomly necessitates o 
the Aberdeen Proving Groun: irv establisl ! ( 
eompiete indust? al organization, neluding eTsol ‘ ‘ 
ve OL p rrorming he |} | \ echnieal ar enc ee] 

Oo} voived in testi and repo. ©” inte re] Vo) 
ests ¢ the various @lasses ot ordnance materi l} per 
sonnel o he Aberdeen Proving Ground at present « 

ts of 32 commissioned ofheers, ineluding the C mane 4 
Offic 363 enlisted men and 435 ihan emplovees 
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Ground, insofar as pertains to its general organization, is 
similar to that obtaining at other army posts, and consists 
of the Commanding Officer, the Adjutant, the Quartermas- 
ter and other administrative and executive officers, together 
with the enlisted personnel. The enlisted personnel con- 
sists of the following organizations: 

Ordnance Detachment 


Ordnance School of Application Detachment 


Aircraft Armament Detachment 
Fifth Heavy Mobile Ordnance Repair Shop 
Flight “B,” 258th H. B. Squadron, 


Eighteenth Balloon 
Medical ( orps 


Meteorological 


Company. 
Detachment. 


Detachment, 4th Ser. Co., Signal Corps 


The industrial organization is adapted to the particular 
needs of the proving ground, and insofar as pertains to 
proof work, operates under seven main seetions or divisions 


as tollows: 


ARMY ORDNANCE 





The Instrument Section, having charge of velocity measuri: istru- 
ments, star-gauge instruments, et 

The Range and Ballistic Section, which has charge of test d ex 
periments connected with firings for range and experiments \ types 
ot projectiles. 

The Mobile Artillery Section, which has charge of proof ar accep 
tance tests of mobile artillery. 

The Tank and Tractor Section, which has charge of proot id a 
ceptance tests of tanks, tractors and self-propelled mounts 

The Railway and Seacoast Section, which has charge o proof 
work connected with railway artillery, seacoast artillery and muni 
tion for the same. 

The Aircraft Armament Section, which has charge of all k con 
nected with proof and development bombs and 1 i ight " 
cratt armament 

The Small Arms and Machine Gun Section, which has ¢} th 
test of small arms and machine guns and ammunition ther 

By means of this organization the proving ground is abl 


to handle efficiently the tests of the various classes ot ord 


nance materiel as directed by the Tecehnieal Staff. 


Aberdeen Small Arms Firing Range 


By 


LEE O. WRIGHT 


Member 


NE of the most important developments of the World 
War was the extensive use of machine-gun fire at 
ranges never before thought possible. 

Our small-arms ammunition was designed to give extreme 
accuraey and a very flat trajectory up to 1,000 yards. Be- 
yond that our range tables were determined theoretically. 
When an attempt was made to use the ammunition for long 
range machine-gun fire, it was discovered that theory and 
practice did not agree—the tables were dangerously inac- 
curate at ranges beyond 1,500 yards. 

As no facilities for testing this type of ammunition at 
long ranges existed at any government proving ground or 
arsenal, a small-arms proving ground was established in 
France and another in Florida, private property being 
leased for the purpose. 

As a result of these firings, range data were determined 
A study 
of the.comparative trajectories of different types of foreign 
small-arms that a 
greater range than our ealiber .30 


and have been used as provisional tables of fire. 


number of them have 
Model 1906 eartridge. 
Experiments have been under way for some time to de- 
than 
our present type, and we are also developing a .50 ealibe 


bullets shows 


velop a caliber .30 bullet with much greater range 
machine gun and ammunition with which it is hoped a 
range of at least 6,000 yards may be obtained. 

For the complete testing of these types of ammunition 
and the testing of special ammunition—tracer, incendiary, 
ete.—a small-arms range is being constructed at the Aber- 
deen Proving Ground, Md. 

This range consists of a pool of water 1,000 yards long 
by several hundred vards wide, with a narrow-gauge track 
running back for a distance of about 6,200 yards; the 
pool is formed by a bend in Romney Creek and is almost 
ideal for the purpose desired; the average tide is only 
about 14% feet and woods surround it on almost all sides, 
cutting off the wind. 

Three rows of range stakes are placed in the pool, 20 
yards apart. dividing an area 1,000 vards by 40 yards into 


A.QO.A 


20-yard squares, the 100-yard stakes being marked with 
the the 


tinctive colors. 


range, intermediate numbers being painted dis 
Seventy-five vards from the center line of stakes are lo- 


cated five 40-foot observation towers one hundred yards 
apart, the center tower being opposite the 500-vard stake. 
The observation stations on top ot the towers are protected 
with .6” armor plate on top and .85” armor plate on the 
side toward the firing point. 

At the near edge of the pool, in prolongation of the een- 
ter line of stakes, is an observation station for determining 
track in the 
Michaelsville, where it 


lateral deviation. A narrow-gauge line with 


center line of stakes runs back to 


connects with the standard gauge post track. Every 500 
yards along this track is a firing platform of concrete 10 
by 12 feet. In exact alignment with the center row of stakes 
a brass datum point is located, with its height above mean 
low water recorded. 

conducted at 


toot 


As most of the long-range firings will be 
ranges from 1,500 to 3,000 vards, a 20 by 30 trame 
building has been erected 1,500 yards from the pool, to 
workroom and storeroom. <A general storeroom 
Michaelsville at the end of 


serve as a 
and engine house is located at 
the track. 

There is also to be constructed at Michaelsville, alongside 
the track, a series of target butts every 100 yards, up to 
1,000 vards. These butts are arranged in line with the tops 
of the butts of equal height. 

Telephones connect the towers, the lateral deviation sta- 
tion and the workroom and storeroom. Arrangements are 
made to plug in on this line at each of the 500-vard firing 
platforms. A separate telephone system connects the ver- 
tical target butts with their firing platform. 

On this vertical target range accuracy and trajectory fir- 
As arranged, the 
this 


ings up to 1,000 vards will be condueted. 


intermediate height of trajectory at any point on 


range can be easily determined by running up the desired 
target and determining the height of the bullet hole above 
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the line joining the gun and the center of impact at 1,000 
yards, or any other desired range. Firings for ranges be 
yond 1,000 yards will be done on the water. 

For this long-range firing, the machine rest, machine tr 
pod, or other device for holding the gun, will be mounted on 
a flat car. The ear will be run over one of the 500-vard 
firing platforms and the exact height of the center of the 
gun above the water will be determined from the datum 
harks. 

At ranges up to 2,500 yards the aiming point will be a 
vertical pole on the observation tower at the near end of 
the pool. For ranges beyond that it will be necessary to 
place an aiming point over the datum point from one of 
the firing platforms toward the water. 

Observations for range will be made from the towers. As 
the impact area is divided into 20-yard squares, with each 
post distinctly marked with the range, the point of impact 
can be determined within a very few yards without any i 
struments. For extremely accurate work, or where it is 
desired to obtain the exact point of fall for each bullet 
from machine-gun bursts, motion-picture cameras will be 
emploved. By this method it is expected that each and 
every shot ean be located and the exact point of fall can 
be determined at leisure. Ordinarily the deviation caused 
by wind, drift, ete., and the lateral dispersion of the ma 
chine-gun bursts can be determined by an observer with in 
struments in the station at the end of the pool. 

Time of flight ordinarily will be determined by observers 
With stop-watches in the towers, who will be connected by 
telephone with the firing point. 

An investigation is being made as to the possibility of 
using microphones submerged in the water and connected 
to suitable recording instruments. If this is perfected, th 
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personal element in making these important observations 
will be eliminated. 
For true range firings, it is necessary to measure the 


angle ot aeparture, and not the angle ot elevation, 1 


order to eliminate the variable “jump” of the piece o1 
discharge. This will be accomplished by firing through 
thin paper sereens suitably mounted on another ear and 
placed about 100 feet from the gun. The line betwee 
the hole, the horizontal and the center of the gun and 
the center of the sereen is the quadrant angle of departure. 

The same arrangement, suitably modified, will be em- 
ployed in determining the angle of departure when firing 
on the vertical target range. 

The velocity of the ammunition being tested will be 
determined before each day’s firing, as it has been found 
that the velocity is hable to vary with storage. 

For the general plan of this range, the department is 
indebted to Major Glenn P. Wilhelm, who has conducted 
extensive range firings* during the past two years at 
Miami, Florida, and Daytona, Florida. 

For many vears the Ordnance Department has had a 
proving ground for the testing of artillery ammunition; 
small arms ammunition being tested at the manutacturing 
arsenal, where a 600-vard range was available. The es 


Aberdeen 1s a recognition of 


tablishment of this range a 
the importance of the weapons of the Infantry, as brought 
out in the world war. Until recently the Ordnance De 
partment devoted a much greater portion of its time to 
the development of artillery weapons and ammunition than 


it did to Infantry weapons and ammunition. It should 
be remembered, however, that prior to 1914, the need for 


*[Now being described in current numbers of ARMy ORDNANCE.—ED. ] 
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ALBERT E. GUY 


Member A O. A 
[A problem of marine engine design encountered some twenty-five years ago, and in which the question of least weight was of pri ipor 
tance, led the author of this article into a merry chase after theoretical data for its solution. This data he did not find because it 
did not exist; then he resorted to experimentation and soon discovered the new laws of Flexural Buckling. The results of his tests were 
published in part in 1902. Recently several questions of design of ordnance material were brought to the author’s attention, and he found 


that their solution depended to a large extent upon the application of the Flexural Buckling formule. However, it was necessary to extend 
and verify these latter in order to meet some particularities of these questions. Permission was given for conducting the required tests 


and the Ordnance Department, realizing that the resulting knowledge is likely to prove of value in general engineering work, has gladly 
acquiesced in the publication of this new development. ; 
The field opened by the author is of very large extent, and only a few of the usual cases have been investigated An immense a nt of 
work remains to be done through experimentation, in seeking to establish the mathematical theory of Flexural Buckling. Ar ! " 
quainted with the theory of columns as treated by Euler and other celebrated mathematicians will realize the magnitude of this t For 


this reason, the author urgently requests the co-operation of elasticians and engineering colleges in this important work.—Eb.] 


OLUMNS, struts, and in general, all struetural com- 

pression members, are designed to withstand not 

only the compressive stresses applied axially but 
also the incident tendency to give way laterally by bend- 
ing, or more properly, by buckling. When the ease is 
simple and well defined, for instance that of a strut of 
uniform section, the area of that section is so chosen that 
the stress per unit of area is well within the limits sane- 
tioned* by praetice; and in addition, the least moment of 
inertia of that section must be such as to insure the safe 
elastic stability of the strut. 

That beams subjected only to simple bending efforts may 
buckle precisely as axially loaded struts do was shown for 
the first time about eighteen years ago, when the results of 
some four thousand tests were published in the columns 
of the American Machinist. A number of ineidents which 
came recently to his attention, such as the giving way ol! 
the jib of a locomotive crane, causing the death of two 
men, the deformation of certain parts of ordnance ma 
terials, and some problems involving combinations of 
stresses, prompted the writer to give additional publicity 
to the subject, thus emphasizing certain ponts of vital 
importance and providing handy tables for the use of the 


designer. 


As it was necessary to verify the effects of some com- 
binations of stresses, the writer was duly authorized to 
proceed, and a very simple apparatus was quickly rigged 
in the writer’s office, and that furnished an excellent oc 
easion for demonstrating the fundamental laws before 
officers of several Ordnance Sections. 


The Four Principal Laws 

(hese laws are stated here as applying exclusively to 
cantilever beams of uniform rectangular section; it will 
be shown, however, that they apply equally well to uniform 
sections of any shape, and to beams held or supported ll 
various manners. 

Three axes are to be considered: 

1) The longitudinal axis of the beam; assumed to be 
originally straight ; 

2) The greatest, or major axis of the cross seetion, in 
the direction of which the load is applied and maintained; 
this axis is always understood as in the same plane with 
the longitudinal axis; hence, these two axes and the di 
rection of the load should remain in the same plane unti! 
ultimate load increment brings about the failure of t! 
beam through lateral buckling; 

(3 The smallest, or minor axis ol the cross section, 


always perpendicular to the “axes-load” plane. 


First Law. A horizontal beam held fixedly at one end 
and loaded at the other will buckle when the load reaches 
a certain value, and with the same load acting always 
vertically the beam will buckle for any given angular posi- 
tion of its longitudinal axis, from the horizontal to the 
vertical; that is, through a range of 90 degrees. 

Second Law. The load causing the buekling of a beam 
through flexure is inversely proportional to the square of 
the length upon which it aets directly. 

Third Law. The load is directly proportional to the 


eube of the thickness and to the height of the section, or 
generally, directly proportional to the moment ot nertia 
of the cross section of the beam, taken in reference to an 
axis (the major) passing through the center of gravity of 


the section, in the plane of action of the load. 
Fourth Law. The total effeet of one or several forces 


is equal to the algzebraic sum of their individual effects. 


Easy Experimental Proof of the First Law 

The most gratifying thing about this whole subjeet is 
that the laws may be proved by simple means. The beam 
specimens may be of clear. white pine, about 30 inches long 
and of uniform rectangular cross section. The specimen 
should, ot ecourse, be straight. The eross sections may vary 
between 1 inch by 3/16 inch to 2% inches by %g inch. Any 
other convenient kind of wood may do as well, and any 
other preferred sizes may be used. The main purpose in 
selecting bars of relatively diminutive size is to taecilitate 
both the manipulations and the observation of the phe- 
nomena. If such laws exist they should be capable ol 
ready proof. It may be again objected that even if the 
laws are clearly proven by means of small specimens they 


may fail to apply in practical applications where eom- 


pression members and beams become relatively to these of 
enormous sizes. The answer is that the material of the 
small bar is always more uniform, could be called more 


perfect, than that of a large beam. A single glance will 


convince anyone. Therefore the small bar may he con- 


sidered as a simple ease whereas the large heam we ild be 
a complex one. Objection may also be made against the 
use of wood instead of metal. Wood is preferable to 
metal because the loads required are smaller, cheaper and 
the adjustments can be secured with a lesser degree of pre- 
cision. However, let it be clearly understood tliat the 
writer has verified the laws by testing steel bars; the re- 
sults have been the same as with wooden bars, he 
exception that the loads were increased in the pr rtion 
to the modulus of elasticity of the material. I") the 
buckling load for a given wooden beam being 17 nds, 
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for example, a steel bar of the same size would require 
about 391 pounds, since the modulii are, respectively, about 
1,300,000 and 30,000,000 and their ratio 1 to 23, very 
near) 

To iest the first law all the refined material required is 
a flat stick, say one plastering lath. However, select it 
straight and free of too obvious defects. Squeeze it at 
one end between two pieces of hard wood in a swiveling 
vise. Hold it at first in the horizontal position and load 
it at the free end as shown at A in Fig. 1. Inerease the 
load gradually until the beam shows sluggishness in vi 
brating laterally; then keep on applying smaller load in 
erements and finally a point will be reached at which no 
further increase will be possible. The beam will then 
fall, or warp, to one side and would collapse entirely 
not prevented by a slight pressure trom the fingers ap 
plied at the loading point. Now remove the load partially, 
shift the beam to any angular position B, and apply aga 
but gradually, the full load. The beam will collapse unde: 
precisely the same load as at A. Shift the angular pos 
tion of the beam, after partial unloading, to the vertical 
airection CO, and again the same total load will produe 
the buckling. 

This test may be repeated with different lengths of 
same bar, but, for each length, the load will of course bi 
different. 


angular position of the beam on the quadrant. 


[t will be found that buckling will oceur at any 


For the complete suecess of this test three things are 


essential: (a) The load must always act in the vertical 


direction; (b) the load must be so applied at the end of 
the beam as to leave to the latter complete freedom to 
bend, and to warp laterally when the limit is reached; 
(c) the direetion of the load must lie in the plane passing 
through the major axis and the longitudinal axis. 

At the beginning of previous experiments the suspension 
members of the load were defectuously arranged, and it 
was found that they actually restrained to some extent th 
free warping of the loaded end. ‘The result was that the 
recorded loads followed broadly the general law, but wit! 
some irregularities whieh eould not very well be accepte 
as matters of course. The trouble was eradicated entire 


by the use of the suspension device shown in Fig. 2. T) 


device hardly needs deseription. It is composed t 
small steel rod, notched at each end, attached firn 1 
beam by means of nuts and washers, and so disposed 
its axis coineides with the minor axis of the see 
that the notehes are equidistant from the major axis; two 
steel strips fit on kmte edges in the notches and rea 
downwards to another notched beam, at the middle ot wl 
a knife-edged strip rests whil supporting the loading plat 
form. Vhe whole ftorms a_ suspension parallelograa 
lreel\ detormable to suit the angular d Sspiacements ol 
SEC while insurl he direetio he load to p 
thri the intersecti Vv he milnol GQ Major axes 

A tle difficulty may be experienced when nearing 
limit load; if the latter’s direction is not kept precis 
the axial plane, the beam being considerably bent 1 | 


nary flexure will develop a marked tendeney to warp 
through induced twisting, which the operator is at first apt 
to mistake tor buckling; however, with a little experienc 
and care, the plane of action may be re-established, 

with slight additional loading the true limit will be ob 


tained. 


The Second Law 


} 


The beams being held horizontally in the vise, with the 
greatest permissible length between the pofnts of support 
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and of loading, the buckling load is determined in the 
manner afore-described. The length is then reduced by a 
predetermined amount and the new buckling load obtained. 
This process is continued until the length becomes so short 
that the beam may break by simple bending. As a matter 
of precaution it is well to ascertain by a few tests what 
this limit is for beams of given cross sections, and then to 
remain well within the limit. 

It will now be found that for each length tested the 


nroduct oT the recorded load by the square of that lenath 
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no doubt about the generality of the law, particularly so 

if great care has been exercised in making the tests and 

of course, if the specimen used is of uniform size and 
structure throughout. 

This product is termed by the writer the buckling mo- 


} 


ment of the beam. For uniformly distributed loads and 
for special forms of loading the length function does not 
always remain, in its final state, expressed as the square 
of the length, as will be shown later. In view of those 
eases the buckling moment might be expressed more gen- 
erally as the product of the load by a function of the 
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length. This is offered here as a convenient expression 
and if subsequent work by other investigators should lead 
to a better one, the latter should be adopted if at all 
beneficial. 


The Third Law 
Select several bars of the same kind of wood and having 
practically the same modulus of elasticity. Let 
these, for example, have the same uniform height of sec- 
tion h, but each of different uniform thickness b, Fig. 3 A. 
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Let three others be of the same thickness b, but each of 
different height h, Fig. 3B. After each of these 
tested for the Second Law, and the results are compared, 
it is found that for the three first bars the constants, and 
consequently the loads, are proportional to the cube of 
the thicknesses; for the three others the loads are propor- 
tional to the heights of the section. A further comparison 
brings out the fact, Fig. 3C, that the loads are propor- 
tional to the products of the cube of the thickness by the 
height. This product multiplied by a general constant Ix 
is equal in each case to the value of the buckling moment. 
This constant remains to be determined. 

Now, since the buckling load is the same for any regular 
position of the beam, when the latter is truly vertical it 


bars is 


three of 
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becomes a strut and is not any more subjected to direet 
bending action. The law established by Euler for the 
buckling of a column under similar conditions of fixation 
and of loading is expressed by a formula which contains 
all the factors uneovered by the plus the 
modulus of elasticity of the material and one sinusoidal 
function. 
these two 


above tests, 
The obvious inference is that the product of 
constant factors equals the value of K, the 
general constant. The proof is easily made. 

The modulus of elasticity is readily obtained from simple 
As a matter of fact it should be determined 
before proceeding with the buckling experiments, when 
the bars are still intact, and not marred by the jaws of the 
A speeimen is placed horizontally flat upon two 
knife-edged supports, their distance apart being carefully 
It is loaded at the middle just enough to make 


bending tests. 


support. 


measured. 
it quite rigid, but no record need be made of the load. The 
vertical distance from a point at the middle of the beam 
to a horizontal datum plane is very carefully measured. 
Then a known weight is added to the first load and the 
corresponding deflection is measured. Knowing the length 
between supports, the dimensions of the cross section, the 
second weight applied and its corresponding deflection, the 
modulus E is caleulated by the well known flexure equation. 

Introducing the value of the caleulated constant in the 
equations derived trom the experiments, it is found true 
to a most convincing degree of approximation. At least, 
that has been the experience of the writer when dealing 
tests. 


with a large number of 


The Fourth Law 
With the beam placed horizontally and fixed at one end, 
as before, one load is applied at the other end and another 
Either 


Tound 


at some intermediate point of the length, Fig. 4. 
one may be increased until buckling oceurs. It is 
that each bending moment multiplied by its own lever arm 
may be considered as a component buckling moment. In 
other words, PL squared, being the buckling moment for 


one single load, equals P XL, squared plus P.XxL 


squared, and for any number of bending forces acting 
vertically along the beam the resultant buckling moment 
equals the sum of all the component buckling moments. 
This is*a most important result. 

This result may be extended in a most useful manner by 
Thus, when any number 


Fig. 5, 


taking the first law into account. 
of forces act on the beam, as shown in whether 
perpendicularly or obliquely to its longitudinal axis, but 
always along the action plane passing through the major 
axis of the seetion, the resultant or total buckling moment 
is the sum of all the component buckling moments, 1rre- 
spective of the angle of direction of the forces, provided, 
however, that this angle, as shown is equal to or less than 
90 degrees. 


If the 
plane of action, the above does not hold and the ease be- 


directions of the forces are not all along the 
comes very complex because the beam is then subjected to 
twisting moments which are bound to cause loeal warpings 
and to weaken considerably the resistance of the beam to 
plain buckling. This question requires careful investiga- 
tion and unfortunately does not seem susceptible ot easy 
solution, if at all. 

When the angle of direction of any one force is greater 
than 90 degrees the expression of its buckling moment 
takes a special form, which includes a function of that 
angle. As will later on, this function 
also for the smaller angles, but it vanishes automatically. 


be seen comes 1n 
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Composition of Forces vs. Combination of Effects of Forces 

Fundamentally, one force acting upon one material point 
in space may be resolved into at least two components. 
The simultaneous actions of these components upon the 
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point are equivalent to the single action of the original 
force. The same holds true of the composition of veloc: 
ties. Very simple tests, however, bring forth a most inter 
esting paradox, for which a satisfactory explanation has 
not yet been found. 
In Fig. 6 a beam is shown held obliquely. At the free 
end a suspension parallelogram is adjusted and connected 
side of the beam one 


to a loading platform A. On each 


wire is connected to the cross bar at the free end, and 
these running over two small pulley$ at the other end, 
extend downward for connection to a second loading plat 
form B. Any load placed upon this platform produces a 
true axial compression of the beam. Any load on A bends 
the beam, and. when sufficiently increased buckles it. With 
each platform loaded the direction of the pull of the wires 
ceases to be truly axial, but because of the first law the 
effect of the load B is not altered; that would complicate 
the following demonstration, however, and for the purpose 
in view the curvature due to bending will not be considered 
here, the beam being assumed to remain straight. 

If the buckling load P for the constant length L is aseer- 
tained according to the first law, it may be applied indiffer- 
ently either at A or at B. to be the 
If part of that load is applied on one platform it 


is also found that the load applied on the other platform 


The tests show that 


case, 


and which finally brings out the buckling is precisely the 
difference between P and the first load. This demonstrates 
that, experimentally, and for this particular mode of ac- 


tion, the effects of force s add. 
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Assuming that the beam is placed at an agle of 60 de- 
grees, and merely for convenience, that the buckling load is 
$1 pounds. If this force is resolved into two components, in 
strict accordance with usual practice, there will be one bend- 
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ing foree of 20.5 pounds and one axial compressive force 
Ordinarily it would be taken 





of 35.5 pounds, very nearly. 
for granted that the effect on the beam would be the same 
whether the single foree of 41 pounds is applied vertically 


or the two components be applied simultaneously at the 
These tests show that that is not 


same point of the beam. 











the case; on the contrary, if a load of 35.5 pounds is placed 


on B not more than 5.5 pounds ean be applied on A in or- 
der to produce buckling. Moreover, the load at A may be 
truly vertical, or oblique, or again be normal to the longi- 
tudinal axis and in effect a true bending force acting along 
the direction of the bending component. 

The obvious conclusion from these observations is that— 
in so far as buckling is concerned—it is ineorreet and un- 
sistance thereto one foree by its components when the re- 
sistence thereto is a combination of molecular actions within 
the material of the beam. 

For instance, assume that a vertical load of 41 pounds 
be a safe value for a given beam, the sum of the eompon- 
ents, for a 60-degree angle, would be 56 pounds and the 
buckling moment 36.6 per cent greater than with the single 
vertical load, if the components were substituted for the 
latter. 

Again, for the same beam, 41 pounds being the ultimate 
load, assume 30 pounds as a safe vertieal load. If this 
force is replaced by its two components, 15 and 26 pounds, 
their sum is 41 and their simultaneous action would buckle 
the beams, whereas 30 pounds would not. 


Complement to the First Law 

The finding that the effeets of the forees are additive in 
stead of combinative, as expeeted, makes it awkward to un 
derstand and to explain the resistance of the beam held in- 
clined above the horizontal and still more so when inelined 
below. For the upper condition, the simultaneous effects 
of the components would give, as per the equation in Fig. 
7, the same buckling moment for two points only, when the 
angle equals zero or 90 degrees. For any intermediate angle 
the moment would be greater and would be maximum at 45 
degrees with a value then 41.4 per cent greater than the 
value recorded. ‘The slight diserepancies observed in the 
tests were fully within admissible limits, and the buckling 
loads practically identical for any angular position. 

It therefore seems justifiable to consider the buckling 
moment for the beam in the upper position as composed of 
two simultaneous moments, one affecting the projections of 
L, upon the vertical axis and equal to the product of the 
load P by the square of that projection, and another equal 
to the produet of the load by the square of the projection of 
I, upon the horizontal. This is equivalent to treating the 
vertical projection as a strut under axial compression and 
the horizontal as a beam subjected to simple bending. Each 
effect tends towards buckling the inelined beam, econse- 
quently the two may add. Since the expressions of the 


+ 


moments are functions of the angle, the sum of the squares 
of the projections reduce these functions to unity and they 
consequently disappear from the equation. 

With the under position it is seen that the vertical mo 
ment does not tend towards buckling the beam, but, on the 
contrary, seemingly to steady it; it may therefore be omitted. 
The horizontal moment remrins, and alone tends to pro 
duce buckling. Consequently the first law may be extended 
by an exception to the rule, and expressing that the buck 
line moment of a beam held inelined below the horizonta! 
and loaded vertically at the tree end equals the produet ol 
the load by the square of the projection of the length upon 
the horizontal. 

Originally the writer was led, from the results of a few 
tests, to the conclusion that the vertical moment was to be 
subtracted from the horizontal, since it seemed to have a 
steadying effect; more recent tests have shown conclusively 
that it should be omitted. In other words, only the effects 
tending towards the same end should be added. The loads 
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applied to the beam in the under position increase: very 
rapidly with the angle; for instance, at 45 degrees, the load 
is twiee that at zero, for the same length, of course. Be. 
sides, while the angle may be very earefully adjusted at the 
point of fixation, under such considerable loads the urva. 
ture of the beam is very pronounced, so that at the point of 
application the angle may be 5 to 10 degrees greater, 
The tendeney of the beam to twist at several points of its 
length makes it very difficult to seeure accurate results, and 
this explains the uncertain conelusions derived from the 
original tests. 
Data Sheet of Buckling Moments 

On a separate plate are shown fifteen cases of loading, 
and the formula for the ultimum buekling moment is given 
for each. The formulas expressing the effects of one or of 
several loads are derived from direct experiments, those 
dealing with uniformly distributed loads have been estab- 
lished by computation. For practical use a lactor OL satety 
must be introduced; its value depends on the mode of load- 


ing and of support. However, it would be sate for all prae- 


tical applications to multiply the buekling moments by 2. 
“ffeetivel , the tests show hat, as the load inereases erad- 
Effectively, tl ts sl t} he load 

ually, the beam vibrates very vigorously laterally at half 


load, and it is only after the three-quarter load is passed 
that the vibrations become deeidedly sluggish. 

Throughout this article only beams of uniform reetangu- 
lar cross-section have been dealt with, and the impression 
might obtain that the formulas given here do not apply to 
other forms of sections. It should be stated, however, that 
they apply equally well to any usual form. Numerous 
tests were made with T, I and U seetions and the results 
were invariably expressed in function of the moment of in- 
ertia of the cross-section, referred to its vertical axis. 

In a following article the rreat importance ot the beam 
supports, of the attachments of the loads, and of the see- 
ondary moment indueed thereby will be indicated for a 
few cases selected at random. The matter covers such a 
wide field, heretofore unexplored, it seems, that it 1s deemed 
proper to urgently request the co-operation of the engineer- 
ing colleges in the pursuit of laboratory investigations. 
which are bound to prove useful mainly in two ways: 1 the 
elucidation of the elasticity behavior of materials and, to1 
students principally, in a facile and true visualization and 


understanding ot the application and efteets of stresses. 
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The Artillery Ammunition Problem 


By 










HE magnitude of the artillery ammunition question 
and the number of problems relating thereto which 
remain to be settled are not generally appreciated 
except by those intimately connected with this work. A 
ammunition 


round of ap- 


Member 


ARTHUR ADELMAN 


AOA 


10.000 result in a © 


destruction not only of the 


rounds of ammunition may mplete 


eun and carriage but of the 
personnel maaning the gun. Considering the large number 


of times each must be produeed, it becomes exceed. 
ingly 


part 


important to  elimi- 































pears so small when com- 
pared with the gun and 
carriage with which it is 
used that there is a general 
tendency to consider am- 
munition as merely a neec- 
essary component, required 
to make the gun function. 
As a fact, the 
purpose of the gun is to 


matter of 


start the projectile toward 
its target. The propellant 
round of ammuni- 
the 

projectile 


in the 
furnishes motive 
the 


with its fuze and bursting 


tion 
power and 
charge produces the entire 
effect against an enemy. 
Considering the problem 
solely from the mass stand- 
point, we may consider the 
75-mm. field gun with ear- 
riage which weighs about 
2,650 pounds. This mate- 
riel has a conservative ac- 
curacy life 
conditions of about 
rounds 


normal 
10,000 


major re- 


under 


before 
pairs, such as relining, are 
necessary. In the firing of 
10,000 rounds the 
weight of ammuni- 
tion required is more than 


these 


gross 








nate every unnecessary op- 


eration and = permit the 
greatest tolerance — limits 
possible, and at the same 


time guard against extend- 


ing these toleranee limits 
to the point where failures 
or prematures may 

That the 
the ammunition 
was not fully appreciated 
the indi- 
the fact that the 
entire question was handled 


oceur, 
magnitude of 
problem 
prior to war 1s 
cated by 


in the Ordnance Office in 
connection with the cannon 
problem. Not .a_ single 


person Was assigned to give 


undivided attention t 
Frankford 


am- 
munition. At 
Arsenal, development was 
incident to 


less 


more or 


production. Funds were 
allotted for a certain quan- 
tity of and the 


entirely tied 


materiel 
development 

this 
Firings were limited to the 


up with production. 


minimum so as not to en- 
croach upon the quantity 
estimated 


which it was 


would be produced for 
service with the funds ap- 


The fact that 





sixty times the combined 


















weight of the gun and ear- 
The weight of ma- 
terial hurled at the enemy is more than fifty times this com- 
bined weight, while the amount of high explosive carried 
to the target is more than six times, and the amount of 
the projectile to the target is 


riage. 


propellant required to get 
more than five times, this weight. 

The cost of the ammunition is thirty times that of the 
combined gun and earriage. For each gun and carriage 
produced a production of 10,000 each of projectiles, fuzes, 
cartridge cases, primers, adapters and boosters, ete., to- 
gether with this large quantity of high explosive and pro- 
pellant, is required. Failure to produce any one of these 
components or failure to assemble them will make the gun 
entirely useless. Furthermore, a let-down in the quality of 
material or in the correctness of dimension or in assembly 
of a single one of these components in any one of the 


The exterior of artillery ammunition presents a rather ornamental appear- 
ance which gives little indication of its highly complex internal structure 


76? 


propriated. 
not enough firing had been 
done in testing ammunti- 
tion was clearly shown by the number of difficulties encount- 
ered early in the war and the rapid improvements which 
were made as soon as the ammunition really began to b 
fired in quantity. 

Improvements in the rotating bands of projectiles which 
started soon after the outbreak of the war and which re- 
sulted in great increase in range and even greater improve- 
ment in accuracy are already familiar; also, improvement 
in shape of the projectile which resulted in doubling the 
range of the 6-inch gun, the projectile hastily designed 
early in the war reaching only about 15,000 yards, and the 
latest projectile reaching nearly 30,000 yards. 

It may not be out of place at this time, now that the 
necessity for propaganda which would credit marvelous 
discoveries to science is past, to state that the improvement 
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relative to rotating bands was entirely a development inci- 
dent to experimental firing and recovering projectiles for 
examination at the proving ground and not to theoretical 
ealeulations. In other words, the fringing of the rotating 
hand was noted from the results of firing through jump 
eards and from observation of recovered projectiles, and 
the remedy applied was the use of ordinary judgment and 
not higher mathematics. The improvement in design of 
projectiles whereby the range was more than doubled was 
also more a result of cut-and-try methods than of applied 
scientific principles. Work on the scientific principles of 
design was however inaugurated at that time in the form 
of wind tunnel or air stream tests with different shaped 
projectiles and extended firings through jump ecards. These 
tests are still being carried on, and it is expected that 
these researches will ultimately result in further improve- 
ment in both range and aceuracy and will place the prin- 
ciples of design on such a basis that the results ean be 
predicted before firing, instead of requiring the old eut 
and-try methods. 

It may also be of interest to correct at this time the im 
pressions that seem to be common that no work toward 
improving the ballistic qualities of our shell was under 
taken prior to the war. Even without a definite develop- 
ment program and no personnel assigned exelusively to 
ammunition work as a whole, let alone the important 
branch of the subject—ballistics—considerable progress 
had been made. The first projectiles for our modern ar- 
tillery, produced from 20 to 30 years ago, were designed 
with a radius of head of about two calibers. This gave a 
good shape for armor penetration and apparently gave as 
much range as desired, since range tables were rarely ex 
tended to the full range permitted. . 

About 1903, a blunt cap was added to these armor pierce 
ing projectiles which increased the armor penetration but 
reduced the ballistic qualities. About 1905 or 1906, we 
tested the first long pointed projectile in the shape of a 
small arms bullet which developed into the 1906 ammuni 
tion for the service rifle. Similar shaped projectiles for 
3-inch, 6-inch and 12-inch guns were laid down about 1907 
and tested. The results with the 6-inch gun were quite as 
startling as some of the later results which have been so 
much commented upon. Firings were made at an elevation 
of 7 degrees and a range of about 12,800 yards was ob 
tained as compared with about 8,000 yards for the service 
projectile, 

With the 3-inch field gun and the 12-inch seacoast gun 
decided improvements in range were obtained though not 
nearly so great a percentage as with the 6-inch on account 
of the velocities being lower. At this time the question oi 
range was entirely subordinate. The sole idea of a sharp 
bullet in the .30 caliber was to obtain flatness of trajectory 
and therefore greater danger space. With the artillery, 
flatness of trajectory and increased remaining velocity at 
a given range, resulting in greater chance of hitting and 
greater armor penetration were the considerations. There 
appeared to be no great requirements for the sharp pro 
jectile with mobile artillery. 

The 3-inch field gun was practically the only caliber at 
that time and shrapnel was considered as the most suitable 
ammunition. There was considerable difficulty in obtaining 
Satisfactory armor piercing qualities with long pointed 
shell, this being finally accomplished by leaving the body 
of the shell with armor piercing cap as it had been de- 
signed and obtaining the long point by the use of a fals« 
cap. 
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was in 1907, but the development with the solid type con 
tinued until 1908 when, due to unpromising results, ex 
periments started with the false cap. In 1910, designs 
were prepared and steps taken to have all projectiles i 
the service modified by the addition of a false cap to in 
erease the ballistic qualities. The modification was con- 
sidered primarily from the standpoint of altering pro 
jectiles on hand and for practical reasons the effective 
radius of head was about five calibers instead of seven 
calibers used in the preliminary tests 

It was not until about the outbreak of the war that the 
question of range became a serious. Tactor. This was 
probably due to the fact that until the use of the aeroplane 
in directing fire the range was limited by fire control equip- 
ment. Prior to the use of the aeroplane, improved methods 








The first suggested use of the false cap in our service 











A ** Premature.” 


Disastrous results are caused by improper functioning of even a single 
component of the scores required to assemble one complete round 


of observation and fire control to effectively utilize ranges 
already permitted were considered of more importance than 
attempts to increase range. 

In 1916, the 12-inch armor piereing projectile with false 
cap having a 9-ealiber radius was laid down and orders 
placed. This projectile was designed to increase the range 
of certain fixed batteries permitting only limited eleva 
tions of the gun. This is about as good a projectile balls 
tieally as has yet been laid down except possibly for the 
improvement resulting from boat-tailing, and no satistac- 
tory method of applying boat-tailing to armor piereing 
projectiles has yet been devised. Experiments with boat 
tail projectiles were started about 1912 or 1913 in a small 
way, the first results being unsatisfactory. From the pres 
ent knowledge, it appears that the unsatisfactory results 
were due to using too great an angle. In 1915, 6-inech pro 
jectiles boat-tailed less abruptly were fired with satisfac 
tory results. 

Certain problems brought out during the war, or greatly 
emphasized by the events of the war, will be briefly dis- 
cussed. The requirements for improvements In connection 
with ammunitien as brought out by the Caliber Board Re 


port (Westervelt Board) relate primarily to increased 











safety, increased range, increased accuracy, and increased 
To these may be added increased ease 


effect at the target. 
of production or at least no increased difficulty. 
Taking up the subjeet of inereased safety, we will con- 


sider first the fuze, since this is the component which is 
almost always blamed for every premature. To meet satety 
requirements, fuzes of the “bore-safe” type are being de- 
sv a “bore-safe” fuze is meant one in which, 


veloped. 


besides the usual safety feature, whereby the primer is 


not permitted to be struck by the firing pin in the bore, 


the explosive elements are so separated that either the 


primer or detonator, or both, might be set off by shock 
without igniting the booster charge of the fuze. They are 
not brought into position where the booster would be ig- 
nited until after the projectile has left the bore. This 
results in not only a safer fuze to fire, but a safer fuze to 
store and to transport. It permits the issue of ammuni- 
tion in the fuzed condition, since ammunition in dumps 
with this tvpe otf fuze would be no more susceptible to 
destruction by enemy fire or bombing than unfuzed pro 
jectiles. 

Another method of increasing the safety is improvement 
in the quality of the explosive and improvement in the 
method of loading. Both of these subjeets are being ac- 
tively studied. It is known that the explosives produced 
during the war were not up to the desired standard due 
to the necessity for somewhat sacrificing quality to obtain 
quantity; also} the methods of loading in vogue, while the 
best available tor the large quantity production required, 
did not meet the ideal requirements as to safety. The 
problem is, therefore, to obtain better types of explosive 
and better methods of manufacture, and also improved 
methods otf loading without sacrificing production require- 
ments. 

Another method of increasing safety is the more careful 
A 100 per cent hydraulic 
test at pressures corresponding close to the elastic strength 


production of the shell itself. 


of the projectile should eliminate the structurally weak 
shell without greatly interfering with production, assuming 
that provision for this test is made when the plants are 
laid out. 
There are only two methods of obtaining increased rang 
one by inereased muzzle energy, which means inereased 


the shap 


power ol the gun, the other by improvement i! 
of the projectile. Reterence has been made above to the 
change in design of projectile which more than doubled 
the range in the 6-ineh gun, although it may be stated 
that the projectile which gave the shorter range was DY 
no means as good ballistically as the type which was tested 


as early as 1907. When it is considered that even wit] 


the best projectile vel produeed the range does not equa 
one-third of that which would be obtained by firing i 
vacuo, it is seen that much further lnprovement should be 
possible. This small percentage of actual range to theo 
retical range ‘x vacuo is obtained with high velocity guns 

With the low velocity 
already obtained with projectiles of rather poor ballistic 


howitzers and mortars, the rane 


shape is from 90 per cent to 95 per cent ol the range in 
In order 


to bring out the importance of improvements in the pro 


vacuo so that little further increase is possible. 


jectile in connection with inereased range, let us consider 
how the 15,000-yard range with the new 75 mm. field gun 
is being obtained. Going back to our old 3-inch field gun, 
model of 1902, we find a range of about 6,000 yards but a 
possible range of about 10,000 yards by changing the car- 
riage so as to obtain higher elevation. This same type of 


projectile in the new 75 mm. field gun would give a range 
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of about 11,500 yards, or only 15 per cent in ase, al- 
though the energy developed by the gun has been creased 
With the improved projectile it is expeeted 


Considering thi problem 


64 per cent. 
to obtain the other 3,500 yards. 
in another way, the model of 1902 field gun would give g 
range of about 12,500 yards with the new projectile giving 


2,500 vards increase for the 64 per cent increase in muzzle 
energy instead of 1,500 yards. 

Improvements in aceuracy should result froim proper 
shell design; that is, proper shape and balane: coupled 
with suitable twist of rifling. The rotating band should 


be non-fringing. Improvements in accuracy should also 


result from eloser fit of the projectile in the bore and 
from closer tolerances on some of the important dimen. 
sions. This question of tolerance was one of the most 
difficult encountered during the war, and was never settled 
to the satisfaction of either the designer or the producer, 
One of the reasons why the problem was so difficult was 
that there was no information available as to just how 
much the tolerance of an individual dimension would affeet 
the accuracy. Neither was there any agreement between 
the designs of our allies as to which dimension should he 
held to a elose tolerance. 

In order to obtain inereased produetion, there was a 
constant tendeney toward inereased tolerance on almost 
every dimension. It was very confusing to the manufae- 
turer and to the designer to find such a wide divergence 
of opinion as to the practical limits. For example, the 
Ordnanee Department had preseribed a very close toler- 
anee on the rotating band and its loeation; also, elose fit 
of the bourrelet with a close tolerance on that dimension. 
The French appeared to lay mueh stress on the center of 
gravity and had rather close tolerances on this element. 
The British on the other hand had a method of repairing 
light weight shell which permitted the addition of a metal 
plate to the base end. The thickness of this plate could 
be as much as .4-inch for the 6-inch with a weight of one 
and one-half pounds and a thickness of 1.4 inches for the 
14-inch with a weight of 21 pounds. This method of re 
pairing not only changed the loeation of the band but the 
center of gravity, and it could not be stated at the time 
that British ammunition was not giving satisfactory aceu- 


With reference to the proper fit of the bourrelet, the 
British had no bourrelet on most of their projectiles. The 
French had a rather loose fit and raised objection to the 
closeness whieh we originally preseribed for our 75 mm. 
examples of the lack o 


projeetiles. These are mere! 


agreement, many more of which might be mentioned. 


In order to obtain more definite intormation o which 
to base tuture tolerances on projectiles, a large program 
has beer undertaken i which one-half of the projectiles 
have bee seleeted with care so that each dimension repre- 
sents about the mean preserine d Other projectiies are 
in groups whieh have all the dimensions except one al 
about the mean preseribed. Several groups ar selected 
which have this one dimension successively variea up 
the limit and sometimes bevond the limit of the preseribed 
tolerance. ‘The program is rather an extensive one and 


when completed should show which dimensions are the 
important ones and how much tolerance can be px rmitted 
without greatly affecting the accuracy. 

It has already been determined that location of the band 
is of considerable importance and also that the close fit ol 
the bourrelet is one of the most promising means of I- 
creasing aceuracy. Relative to the tolerances o1 projec- 
tiles, the problem was perhaps more difficult than on almost 











al 


ld 








THE ARTILLERY AMMUNITION PROBLEM 265 


piece of ordnance. As a general thing, in a 
fuze or |reech mechanism the tolerance had more relation 
to actual functioning or strength of part. With the pro- 
jectile, for the most part there was no question of strength 
and no question as to satisfactory functioning in so far as 
functioning could be judged at the gun. The main ques- 
tion was as to the effect on accuracy, and little or no in- 
Uniformity 


any ol he 


formation was at hand covering this point. 
of muzzle velocity is also an important item in aceuracy 
of fire. Uniformity of velocity is being investigated along 
the line of better ignition and in the development of a 
non-hygroscopic powder which should function better under 
service conditions than the present propellant. 

Relative to increased effect at the target, development 
is being pursued along the line of increased certainty ot 
action; that is, less “duds” and also less low order explo- 
sions. This is a combined problem of improved fuze de- 
sign, improved loading of both fuze and projectile and 


possibly a better explosive. Increased effect by a better 


os —___—_—__—_— —_—— ————, 





f a single round deteriorates in storage 


When any part 


ratio between explosive to weight of metal in the projectile 
is.also a projeet which is being studied, but it appears 
probable that the question as to the relative importanes 
between blast effect from a large bursting charge and 
destructive effect from fragments of the shell wall is one 


on which There will alwavs he a divergence ol opinion. 


Another method of inc reasing the effeet is in the deve lop 
ment of a more uniform time fuze for anti-aireraft gu 
Meechanieal o) clock-work tuzes are being developed to 


fulfill this funetion. 
The difficulty in the development of such a fuse lies in 
the fact that the mechanism must have the aceuracy and 


} 


delicacy ot rehable wateh, and at the same time must be 


so rugged] mstrueted as to withstand the stresses pro 
dueed by firing from a high powered gun. These stresses 
are due both to linear acceleration, which is equivalent to 
about 3 pounds for every grain of weight, and rotational 
velocity, amounting to over 30.000 revolutions per minute. 


The Walthan 


factory fus 


Watch Company has developed a fairly satis 
and other companies have made considerable 


progress in their development projects. 


Improvement in the effeet of armor piercing projectiles 
1S along the line of obtaining penetration of armor al 
oblique impact of the projectiles. A few years ago pro 


Jectiles werr rehased under specifications requiring pene 


‘ration at hermal impact or, at the most, impacts at 10 
(legvrees tro} 


normal. The naval engagements of the war 





brought out the fact that hitting at such favorable angles 
was improbable, so that we now require that projectiles 
penetrate armor plate of thickness equal to the caliber at 
angles of impact of from 20 to 25 degrees. Improvements 
are also being made in the methods of loading armor piere- 
ing projectiles and an improved fuze which will withstand 
the inereased shock of impact against armor due to in 
clined impact and burst the projectile behind the plate is 
under development. 

A fuse of this type is one of the greatest needs at the 
present time, and it can be quite positively stated that no 
country has yet produced a reliable fuse. The problem 
presents many difficulties, due to the severe stresses which 
such a fuse must withstand in passing through an armor 
plate without rupture of any of the parts or sufficient de- 
formation to make the explosive elements function before 
the desired delay has been obtained. It is confidently ex 
pected that the development of such a fuse by the Army 
Ordnance Department will soon be an accomplished fact, 














“Mass Detonation converts the dump into a crater 


id that with this deve lopm nt the armor 


piercing 


ot the United States Army developed during the past 


al nrowrwee 
ti] 

Lit 
ew vears will be superior to any other in existence in 
range, accuracy, armor penetrating qualities and effeetive 
ness alter penetration. 


; 


Present problems cover a considerable range o subjects, 


including interior and exterior ballisties, chemistry of ex- 
plosives, mechanical engineering, and a general knowledge 
of metallurgy. As I shall endeavor to point out in a subse 
quent article, tackling these problems ean not be deferred. 
There is a widespread popular belief that, as a result of the 
World War, we accumulated sufficient artillery ammunitio1 
to last a generation. It is true that we have adequate re 
serves of the more important calibers, but how long they 
will continue to be safe in storage and serviceable in action 
it is impossible to predict. Even provided improvement in 
quality of ammunition by other nations does not render ow 
present stocks in a measure obsolete, we are confronted 
with problems of abnormal deterioration due to the emerg 
eney conditions under which the greater part of these re 
serves was manufactured and inspected. Inferior artillery 
ammunition exacts its toll not from the enemy, but from 
ur own torces, Inaccurate ranging in barrage destroys 
ur advancing waves it is intended to protect; “prematures” 
effectively destroy gun crews—the wrong gun erews—our 
own artillerymen. Under shelter of our present reserves, 


now is the time to attack the artillery ammunition problem. 
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| Major Ewell was directly connected with aircraft armament developmet 
ment Section of the Ordnance office and was selected to return to this 
testing facilities at Aberdeen were created; great credit is due him for 


his efforts that the new development on bomb fuses was undertaken 
bombs really should and had to do 


T is hardly necessary to emphasize the importance of 
aerial bombing. The use of bombs steadily increased 

throughout the world war. 
in bombs and aireraft at the time of the armistice promised 
Even 


Important improvements 


an enormous consumption of bombs during 1919. 
at the present time their use continues in appreciable quan- 
tities in the various minor wars still in progress, partic- 
ularly against nomadie tribes in Africa and Asia. 

Aerial bombing possesses two great superiorities over 
artillery, namely, greater range and visual attack. The 
Germans shelled Paris from a distance of eighty-odd miles 
but they succeeded in hitting their target only on account 
of the great area. At the time of the armistice the English 
were fully prepared to bomb Berlin, a range beyond the 
wildest imagination of the artillerist, and the 
would have sighted directly upen selected portions of the 
elty. 


bombers 


Granted the importance of bombing, the importance of 
It is 
however, only necessary to point out that the cost of all 


exhaustive bomb testing may not be fully recognized. 


the tests which should be made upon the bombs used in a 
particular raid would generally be less than 1 per cent of 
the total cost of the raid, disregarding the risks taken by 
the crew. 
tainty of functioning and increase in effectiveness! 

The public is prone to think of aerial bombing as _ pri- 


How insignificant this is compared with cer- 


marily against buildings, railways, ete., the obvious reason 
being the newspaper prominence given the Paris and Lon- 
As a matter of fact the majority of the bomb- 
During 1918 the 
number of bombs dropped against personnel was ahout 95 
per cent of the total and although the personnel bombs are 
small the actual weight of bombs dropped was also in 
Therefore, owing to their importance, we will first 


don raids. 
ing in the world war was against troops. 


excess. 
consider testing personnel bombs. 

The more nearly actual conditions of war are approached, 
the more valuable the tests. The Romans would probably 
have dropped their experimental bombs among regularly 
spaced prisoners in the amphitheatre and the gate receipts 
would probably have covered the expenses of the tests. 
In deference to modern sensibilities the prisoners are re- 
placed by silhouettes or manikins, as shown in Fig. 1. 

These are formed of crossed boards and in height and 
in width, as viewed from different directions, correspond to 
The actual 


the height and breadth of the average man. 
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t during the war He wes in the A, 1 fF. as part of the Aircraft Arma 
country to assist in the development of bombs Through his efforts th 
the inva‘uable assistance he rendered in this particular. It v through 
He, more than any other, brought to this country the knowledge of what 


distribution is unimportant provided it is accurately known. 


In order to expedite the tests and to economize in bombs 


they are dropped from a practically stationary balloon or 


dirigible which is maneuvered until a vertical collimator* 
shows that the center of the silhouetie field is direetly 
beneath. The point of impact and the particular silhouettes 
perforated by the fragments are carefully marked upon re- 
port forms which show the location of each silhouette. 
Concentric circles are drawn on the form with the point 
of impact as a center. The area of the inner circle and 
of each ring is multiplied by the ratio of the number of 
perforated silhouettes to the total number in the particular 
area. (The outer ring is sufficiently far from the point of 
impact that relatively few silhouettes in it are perforated. 
Thus the sum of three products of areas by ratios gives ar 
area over which a silhouette is certain to be perforated 
It is customary to measure areas in terms of 100 square 
meters as a unit and to divide the final area by the weight 
of the bombs in kilos, thus expressing the efficieney of per- 
sonnel bombs as so many 100 square meters per kilo. 

If a particular type of personnel bomb shows up poorly 
in this final test the trouble may be in the fuse, the explo- 
sive, the metal of the case or its shape and thickness. There- 
fore these final tests with the silhouettes are always pre- 
ceded by preliminary tests in which these individual ehar- 
acteristics can be studied separately. The explosive and 
metal are tested by exploding the bombs statically in a 
blasting 
of the 


sandbox, the fuse being replaced by an electric 


detonator. From the number and average size 
fragments the quality of fragmentation is determined. The 
velocity and distribution of the fragments is preliminarily 
ascertained by exploding the bomb statically, in the center 
of four quadrantai panels, the distances from the bomb 
being 10, 20, 30 and 40 meters, respectively. A view ol 
the panels is given in Fig. 2. The height of these panels 1s 
that of the and the efficiency 1s 


The average being 


the same as silhouettes 


calculated similarly. width of a man 


taken as one-third of a meter, the effectiveness of the bomb 
at the second panel, for example, is taken as unity U 
there are at least three perforations per meter of length. 
If there are less than this number, for example, but two 
per meter, the effectiveness is taken as two-thirds and the 
area of the ring between the first and seeond panels 3s 


*{A telescope (usually of unit magnification) with the bubble of 4 


spherical levei in the focal plane. | 
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multiplied by two-thirds and so on. Sinee each panel is at 
the extreme edge of a particular zone, the efficiency with 
the panel will be less than with the silhouettes which are 
distributed throughout the zone. 

After the fuses of personnel bombs have passed all pre- 
liminary laboratory trials they are tested in bombs which 
are dropped upon all types of surfaces. Their action 
must be very instantaneous, resulting in the smallest sort 
of a crater even when dropped from great heights, the 
sround being merely “brushed” by the explosion. 

Demolition bombs are primarily intended for destruc 
tion either of means of communication (roads, railways, 
bridges, docks, ete.) or buildings. In both cases the effec 
tiveness is largely dependent upon the blast effect, al 
though the fragments afford considerable damage as was 


evident in any bombed city in Europe. 














Fig 2. Above: Quadrantal panels for determining velocity and distribution 
of fragments 
Below: High panels for determining blast eftect 


The blast effect may be roughly determined by the size 
of crater produced. The bomb may either be buried and 
fired by an eleetric detonator or it may be dropped with 
a fuse retarded to permit maximum penetration before 
explosion. While crater tests are very necessary, they 
do not afford a sufficient test of the blast effect because so 
much depends upon the nature and condition of the soil. 
Moreover, they give no information about how the blast is 
distributed. Accordingly, specimens of all types of new 
demolition bombs are exploded statically in the position 
in which they would strike the ground and the amount ol 
the blast is measured by blast meters distributed at differ 
ent heights, azimuths and distances about the bomb. There 
are always a sufficient number to permit the destruction 
of several without loss of the test. A very simple and 
quite satisfactory type of blast meter consists in a frame 
having a dozen or more cireular holes varying In size from 
about a quarter of an inch to several inches in diameter. 
Each hole is covered with paper of specitied quality. The 
magnitude of the blast is measured by the smallest disk 
Ol paper burst. 


The distribution, velocity and size of the fragments is 
determined at the same time as the blast. The bomb is 
surrounded by high panels of two-inch oak at various dis 
tlanees. After the explosion the loeations and size of the 
perforations are observed. The velocity of the tragments 
are determined by Aberdeen chronograph screens set up 
at different clistances. 


Fig. 2. 


Bombs d 
mds designed for destruction of means of communi 


These high panels are shown in 


cation must be able to penetrate very hard surfaces with 
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out cracking or buckling of the case and the fuses and 
delays must endure the terrific blow resulting from impact 


upon an unyielding surface. These qualities are tested by 





| er 











dropping sand-loaded bombs from various altitudes upor 
a conerete surface with a crushed stone foundation. For 
fuse tests both the fuse and the booster are loaded 

In the early part of 1918 the French Air Servi was 
able to conduet practical tests upon buildings. The Get 
mans in the onrush of 1914 left a French sugar factor) 
near Meaux in a condition which justified its further de 
struction by the French for the test of bombs destined fo 
German factories further east. Unfortunately, they wer¢ 
inconsiderate enough to shoot down two successive balloons 
from which the bombs were being dropped upon the sugar 
factory and this ideal target was discreetly Xbandoned. 

The principal characteristic of bombs intended for build 
ings are, first, a case which will penetrate successive floors 
without injury, no matter how much the bomb may be 
deflected, and second, two fuses, one of which is retarded 
and the other is selective. A proper selective fuse will not 
function when a relatively light structure like a roof or 
floor is struck but will funetion instantaneously when a 


(Continued on Page 269 











Fig. 4 Aeroplane view of balloon dropping fragmentation boml 











Some Remarks on Poisson's Ratio 


F. C. LANGENBERG 


Member A. O. A 


HERE has recently been published in the Army 
ORDNANCE an article by Maj. Albert E. Guy on the 
subject of “Auto-frettage.” In this paper certain 
statements are made which, in the opinion of the present 
writer, are not substantiated by experimental evidence :now 
; F 
available. 

Quoting from this paper: 

Preliminary experiments conducted at the Bureau of Standards and 
at the Watertown Arsenal have a‘ready proven so successful as to 
permit the writer to advance several facts of basic importance to the 
engineering profession. For instance, it seems established that there 
is only one elasticity in a body, that of the mass affected by stress, in 


stead of the old notion of tensive, compressive, torsive, etc., elasticities. 


The so-called Poisson ratio of lateral to axial strains instead of being 
taken as practically constant, with a value between one-fourth and 
three-eighths, varies between zero at no load to about one twenty-sixth at 


} } 


the elastic limit, and thence from to about one-half toward the ruptures 
point. 


Referring to the first paragraph of this quotation, the 
passing of the elastic or proportional limit in any erystal- 
line body is always aecompanied with the appearance of 
slip bands on the erystals of the body which is under stress. 
The character of these slip bands is well known, and these 
slip bands are similar, regardless of the nature of the stress 
which produced the deformation. If the engineering pro- 
fession still holds, as one would infer from Major Guy’s 
diseussion, that the mechanism of plastic deformation dif- 
fered with the nature of the stress, then the engineering 
profession has not made use of data already available. It 
would not seem a new and novel discovery that the elastic 
limit did not vary with the nature of the applied stress. 

Regarding the second paragraph of this quotation, the 
present writer cannot feel convinced that any data obtained 
at Watertown Arsenal has indicated that Poisson’s ratio is 
not constant, or that it has the values indicated by Major 
Guy. 

It might be of interest to diseuss some of the exceedingly 
accurate work of Prof. P. W. Bridgman in connection with 
compressibilities and its relation to Poisson’s ratio. In 
“The Contributions of the Jefferson Physical Laboratory 
of Harvard University,’ which were published in the Pro- 
ceedings of the 


the compressibility of several samples of steel was reported 


tmerican Academy of Arts and Sciences, 


The writer is taking the liberty of quoting certain state 
ments and data from this paper. 

The linear compressibility of a sample of Bessemer rod 
which had been annealed was found to be 1.72210—“. 
Dr. Bridgman states, regarding this rod, “No set was ob- 


i 


which is, perhaps, evidence of the freedom from internal 


served in this piece on the first applieation of pressure, 


strain and, to a less degree, evidence of equal compressibil 
ity in all directions.” 

He likewise determined the compressibility of two pieces 
eut from a boiler plate, both in the direction of, and at 
to, the direction of rolliag. The linear com- 


right angles 


pressibility of the lengthwise piece was found to be 
1.766<10—7, and of the transverse 1.767X10—-"7. Dr 
Bridgman states that the probable error of the compressi- 
bility in either case is about :2 of 1 per cent. He further 
states as follows: “No claim is made that this settles the 
question of the equal compressibility of metals in all diree- 
He made further observations on a bar of high 


tions.” 
carbon, annealed tool steel and found the linear compressi- 
bility to be 1.75010—7. 

Another interesting. observation was made as follows: 
“Tt is to be noted that neither the steel nor the aluminum 
shows any tendeney to become decreasingly compressible at 
higher pressures.” When we realize that the pressure range 
employed by Dr. Bridgman was 6500 kgm. per square ecen- 
timeter, which is equivalent to 92,450 pounds per square 
inch, and furthermore bearing in mind that these experi- 
ments were exceedingly refined, and carried out by the 
greatest authority on high pressures in the world, it be- 
comes almost impossible to believe that Poisson’s ratio has 
any other than a constant value within the elastie range. 
If the compressibility of the samples referred to was other 
than a linear function, the statement made by Major Guy 
might be warranted, but in view of the exceedingly accurate 
scientifie data referred to his position seems entirely tenable. 

It might be of interest to compute Poisson’s ratio from 
the data obtained by Dr. Bridgman, on the assumption that 
steel is isotropic—that is, having identical properties in all 
directions, such as glass, water, ete. The assumption that 
steel within the elastic range is isotropic cannot greatly 
diverge from actual conditions. Crystals of any substance 
are, in general, ;anisotropic, and, furthermore, they are 
yeometrically anisotropic, but a body composed ol crystals 
may, in the aggregate, be either anisotropic, such as slate, or 
it may be practically isotropie if the crystals vary in orien- 
tation throughout the mass. 

Consider for a moment a mass of steel. Assume that 
each grain is composed of anisotropic erystals, and as the 
orientation of each erystal in each grain is identical, the 
grain itself would be anisotropic. In a mass of steel, let us 
say one inch square, we can assume, alter a normal an- 
neal, that the number of grains is between one hundred and 
two hundred million. Although each grain has been as- 
sumed anisotropile, the eube of steel referred to must cer- 
tainly very closely approach isotropic, as there is no rela- 
tion between the orientation as one proceeds from one 
erain to the next. 

In the theory ol elasticity as applied to steel, it has al- 
ways been considered that the material was isotropic—that 
is, for example, Young’s modulus is considered the same re- 
gardless of direction. Poisson’s ratio also assumes isotropy. 

From many hundred tests taken in different planes and 
in different directions in forgings, the writer is quite con- 
vineed that Young's modulus is constant regardless of di- 
rection within the limits of ordinary measurements as ap- 
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plied mn e testing material laboratory. Phis hmit of ac Testing Aircraft Bombs 
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Bridgma has alread) determined that the compressibility pavement or hard ground is hi Thus a bomb whiel 
ina sample of Bessemer plate was the same, both in the di building will penetrate a large number of floors bet 
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or not far from the value 4 used in the present gun formule. tinuous visior In the use of this principle for observation at 
The value of “r” thus obtained may not be accurate, but it  te¢tion in tanks, it is proposed to make the slits sufficiently narrow t 
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possesses at least sufficient merit to warrant a more ' rings : 
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HE rifled musket has been in use for only a short 


period, as compared to the many centuries during 
which nations 
gaged in warfare. In 


have en 
the rifle 
itself has undergone many changes, and since the pertec- 


and 
time, however, 


have existed 


this short 


armies 


tion of the metallic cartridge we have seen a very consid 
erable development of the original idea; including refine 
ments of sighting, improvements in ballistie characteris 
ties, the production of smokeless powder, the pertection ol 
the machine gun, the automatic pistol, and so on; each 
vear adding something new. 

Touching on only the more outstanding items in whiel 
new developments are to be expected, it may be said that 
indications now point to the possibility of perfecting a 
self-functioning shoulder rifle, a light machine rifle capable 
of delivering accurate sustained fire for short periods, and 
for machine 


funs 


a long-range, hard-hitting ammunition 
and rifles. There is also approaching completion a .50 
caliber machine gun which it is expeeted will be a distinet 
advance step in this type of weapon. 

Hand arms are, in general, fairly well standardized, not 
only in the United States, but throughout the armies ot 
the 
the possibility of eliminating the saber. 


world. Experience gained during the war points to 
The trench knife, 
while valuable as an auxiliary weapon under conditions of 
stabilized warfare, is a special purpose arm, the use ot 
which will no doubt be limited. In the automatic pistol, 
as at present issued, there is little room for improvement, 
if reports from the troops using it are to be relied on, and 
On the 


} 


whole, it may be said that no radical improvements in hand 


no changes are thought probable at this time. 


arms appear to be necessary. 

The shoulder rifle is the principal weapon, in point of 
numbers, of all the various types in use. The infantry of 
all armies is armed with the rifle, and it is the infantry 
which in battle is called upon to bear the brunt of the fight. 

The importance of having a well-designed and properly 
made arm of this type is very great, and as a consequence, 
constant attempts are being made to improve it. In our 


service arm, commonly known as the “Springfield,” we 


are as well, and perhaps better, equipped than any other 
nation. 


Improved semi-automatic rifle under development at Springfield Armory 
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However, continued efforts have been made to obtain a 
self-loading rifle to replace the hand-operated arm, not 
only in this country, but abroad. Jt seems to be the gen- 
eral opinion that the last word in small arms will only be 
said when this result is accomplished. For a 
the Ordnanee Department has held 


of this type which have been submitted for test. 


number of 
vears, trials of guns 
Up to 
the present, and considering arms of foreign make as well 
as those from our own country, complete success has not 
been attained. It is not particularly hard to make an auto- 
loading rifle, provided the questions ol weight or the ehar- 
acteristics of the ammunition to be used are not considered. 
The light Browning, for example, could be modified so as 
to make it semi-automatic only and there are several re- 
liable self-loading sporting rifles on the market. It is only 
the 


when an attempt is made to reduc weight of the 


weapon and at the same time to provide for the use of a 
cartridge of high intensity, such as ow standard, 
that 


dered the problem so difficult to solve. 


present 


trouble is encountered, and it is this which has ren- 


A maximum weight of ten pounds has been set as the 
limit within the rifle 


sufficiently light for use as a weapon for general infantry 


whieh must be made in order to be 


armament. ‘Trials are to be held during the latter part ot 
this year, and it is hoped that the results will be successful 
There will be published shortly a specification whieh wil 
include data covering the results desired, and emphasis wil 
be placed on the fact that a cartridge of good military 
characteristics may be used, even though it be somewhat 
smaller than the present standard. 

It seems pertinent here to refer to the increasing tendenes 
to the use of machine-gun fire at long ranges and the ¢ot- 
sequent necessity for providing-ammunition suitable to the 
work to be done. This increasing use of machine-gun ft, 
it is believed, has greatly reduced the necessity for rifle fire 
at ranges approximating seven hundred yards, or over, ale 
the auto-loading rifle problem would be considerably si 
plified if infantry rifle fire were only needed within range 
up to seven hundred yards. Thus two types ot cartridge 
might be designed, one of high intensity and long ranging 
power for machine-gun use, the other of less intensity for 


use in rifles oniy. 
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DEVELOPMENTS 


Experimental data is available to show that should it 


prove impracticable to get a weapon of the auto-loading 
type suitable to the service cartridge as now used, one can 
be obtained which will be no less accurate than our present 
arm at infaritry ranges, using ammunition giving practi- 
eally the same height of trajectory and danger space up to 
eight hundred and possibly one thousand yards, and with 
the advantage of using a cartridge materially lighter, thus 
inereasing the carrying capacity of the individual soldier. 
Experience gained with the Model 1917 Rifle, which is 
provided with a receiver sight, has demonstrated the ad- 
vantage of this type. Studies have been made looking to 
the incorporation of this feature in the Springfield, and 
numerous sights have been submitted and tested. It is 
yet too soon to make other than a general statement, but 
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the improvement of the mechanism for that use by changing 
the feed box so that cartridges may be inserted either from 
the right or left side, thus permitting the guns to be used in 
pairs, and by further modifying the gun to allow the high- 
est rate of fire. 

In the method of mounting machine guns, however, im- 
provements may be expected. The tripods which have been 
developed have not been as fully satisfactory as was hoped, 
and studies have been under way for some time with a view 
to the improvement of both the ground and anti-aircraft 
types. It is rather early to predict complete accomplishment 
of the desired results, but certainly we may look forward to 
something new. 

What has been said concerning the efficiency of the ma- 





it appears very probable that eventually a receiver sight 
for the Springfield will be obtained that will still further 
improve this arm. 

The evolution of the shotgun as a weapon for military 
purposes is believed to be complete, and it is not ex- 
pected that any improvements which may possibly be 
forthcoming will affeet its use in warfare. From the best 
data available, it appears that a very small number of 
shotguns were actually issued to front-line troops during 
the war. However, while the weapon was found to be 
adapted to certain purposes, its rather complicated mech- 
anism and specialized usefulness were considered a bar 
to its exiended issue. 





Taking up as next in order the group which ineludes 
the various self-functioning weapons, the automatic rifle 
may be regarded as unique. No army other than ow 
own has a weapon of a type exaetly similar to the light | 








Browning. Originally, this arm was intended as an aux- 

iliary weapon for infantry, of such weight as to be easily 
earried, and for the purpose of providing increased fir 
power. While no fault can be found with the gun from a 
mechanical standpoint, it has been found to be too heavy 
for efficient shoulder use by the soldier of average physique 
and not well adapted to delivering standard bursts of fire. 

Should a place be found in the service for a machine 
rifle, particularly by cavalry, it is expected that an evolu 
tion may occur in which the Browning automatie will be 
changed by the addition of a heavier barrel, a bipod, and a 
magazine of greater capacity, to provide a weapon ol this 
type which will have superior qualifications. 

It is the machine gun, capable of long-sustained, aceurat 
fire, which has proven to be of the greatest interest to bot! 
the designer and user of small arms. The enormous use of 
this type of weapon was one of the outstanding develop- 
ments in this line during the war. The Browning 


now 
issued, has proven very satisfactory; in fact, fundamentally 
this mechanism is so good that little, if any, change is ex- 
pected for a considerable period of years. 

The adoption of the machine gun for use in airplanes 
has, however, made necessary a series of studies looking to 
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30-caliber Carbine Experimental: Service Rifle, shown for comparison 
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CAL. 50 CARTRIDGE 





CAL. .40 CARTRIDGE 


chine gun is not so true when the ammunition is considere: 

Experiments with foreign material have conclusively dem 
onstrated that in the matter of range our present cartridge 
is inferior. An attempt has been made to remedy this con- 
dition, and the development of a boat-tailed bullet, adapted 
for use in the .30 caliber machine-gun cartridge has resulted. 
The new bullet has not been definitely recommended for 
adoption, but indications point to the possibility of per- 
fecting a .30-caliber ammunition capable of delivering ef- 
fective fire at ranges up to thirty-five hundred and possibly 


four thousand vards. It is here noted that experimental 














Experimental Browning Machine Gun, with Bipod 









































sential strength is given to components requiring it. 


possible, consistent 
proper functioning of the weapon. 
stant cleaning or which may require replacement should be 
designed with a view to ease of dismounting by the use of 
not more than one small tool, preferably the service cartridge. 


in position in the rifle may be fed from clips. 
zine may be detachable, but this is not considered desirable. 
The breech mechanism must be so designed as to preclude 
the possibility of injury to the firer due to premature un- 
locking. It is preferable that the bolt or block be positively 
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data already obtained indicates that the tapered base does 
not begin to be effective until the projectile is traveling at 
For use in the 


a rate approximating the velocity of sound. 


shoulder rifle, at ranges up to one thousand yards, there is 
practically no advantage in the boat-tailed bullet over that 


having a flat base. 


Tanks and armored airplanes used in war have resulted in 


an attempt to provide adequate means of offense and de 


Tense. 


mating 800 grains in weight, and with good armor-pierc 
ing qualifications. 
and has been given a number of tests. 
point to very good results, with adequate ranging and am 
ple speed of fire. 


anti-aireraft, tank and aireraft use has been finished and 


the pilot guns are well along toward completion. 
In addition to the foregoing, experiments are being car 


A development program is under way as the resul! 
of which it is expeeted to obtain a weapon somewhat similar 
to the Browning, but of .50 caliber, firing a bullet approxi- 


The pilot-ground type gun is completed 
So tar, indieations 


The problem of designing this gun for 
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ried on with a gun of 37 mm. caliber, firing a projectile of 
about one pound in weight, which funetions automatically 
and is designed primarily for aireraft use. It is earh 
in the development stage to predict aceurately just wha 


may be expected from this gun, but should it be successfy} 


we will have an exceedingly powerful weapon with «a wide 
range of usefulness. 

The seope of this article has been limited to cover ‘ more 
outstanding developments. To have covered all th exp ri- 


mental programs under way in small arms alone, taking yp 
each item in detail, would have filled a small-sized volume. 
that the outstanding 
departure of perhaps greatest importance is the promise of 


In conelusion, it may be said nev 


a really usable self-loading shoulder rifle. The effectiveness 
of the individual soldier is of greater importance than ever 
before. It is necessary that he be able to move quickly and 
that he have initiative and resourcefulness in a high degre 
Arms for the individual must be designed with these pri) 


ciples in mind. 


Competitive Test of Semi-Automatic Shoulder Rifles 


September 15, 1921 


The War Department is interested in securing a satisfac 
tory developed semi-automatic shoulder rifle. 
requirements of such an arm are as follows: 

The 


eartridges 


rifle must be of a self-loading type, adapted to function 


not than .25 
good military characteristics, and preferably to fire the U. S., 
1906. It 
manufacture. It 


ess caliber or greater 


cartridge 


ealiber .30, model must be simple and rugged in construc 


tion and easy of should require but litte more 


attention than the regular service rifle when placed in the hands of 


the average soldier. 


It is planned that competitive tests of arms of this charae- 


ter will be held about September 15, 1921. The War De 


partment will be pleased, however, to receive and subject to 
preliminary examination and test such rifles as inventors 


may eare to submit prior to competitive trials. 


having semi-automatic rifles which they desire to submit for 


preliminary trial should address the application for such 
test to the Chief of Ordnance, United States Army, Wash- 
ington, D. C. 

For the guidance of inventors in perfecting a design ot 
the type the following information regarding characteristics 
is furnished: 

The following features are considered necessary : 
The rifle must 
Weights should be well balanced and so placed that the es- 


Ease 


(a) be simple, strong, and compact. 


of manufacture should be a guiding factor in preparing a 


design. 


(6) The mechanism must be well protected from the en 


trance of sand, rain, or dirt, and should not be liable to de- 
rangements due to accidents, long wear and tear, exposure 


to dampness, sand, ete. 


(c) Components of the mechanism should be the fewest 
with manufacture and the 
Parts requiring con- 


ease ot 


(d) The rifle must be so designed that the magazine while 
The maga- 


The general 


with 


than 30 caliber, otf 


Persons 


locked to the barrel at the moment of firing. The capaeit 
of the magazine should not exceed ten rounds. 

(e) The firing mechanism should be so designed that the 
firing pin is controlled by the trigger and sear direet; that 
is, the bolt mechanism should move forward to the loeking 
or firing position with the firing pin under the control of 
the trigger and sear mechanism, so that the cartridge is not 
ignited until the trigger is pulled to release the firing pin. 
The bolt, or block, should remain open when the last eart- 
ridge in the magazine has been fired. In ease a detachable 
magazine is used the insertion of a new magazine should 
not release the bolt. 

(f) The trigger pull, measured at the middle point of the 
bow of the trigger, should be not less than 3 or more than 4 
The trigger action should be similar to that of the 
it should have a light first pull, 


pounds. 
present service rifle, 7. e., 
after which there should be no appreciable backward mo- 
tion until the sear is released. 

(g) An efficient safety or 
vided, permitting the rifle to be earried cocked and with 
The rifle should re- 


locking device must be pro- 
cartridge in chamber without danger. 
main cocked and ready for firing when the safety device 1s 
unlocked. 

(kh) The weight of the rifle, with magazine empty and 
without minimum with 
proper functioning, and in no ease should exceed 10 pounds 


bayonet, should be a consistent 

(i) The rifle must be so designed as to give good balance 
and be adapted to shoulder firing. The general appearance 
and outline of the gun should be, as nearly as practicable, 
the same as the United States rifle, model 1903. 

(j) The rifle is to be strictly semi-automatic; that 1s, 4 
self-loading type, and is not to function as an automate 
rifle. The trigger mechanism should be so designed that tt 
will be impossible to fire more than one shot with each pull 
of the trigger; the trigger must be released and pulled 
again for each successive shot. 

(k) The accuracy of the rifle should be comparable to 
that of the present service shoulder rifle. 

(1) The stoek should be so designed, if practicable, as 
allow ventilation of the gun without charring or overheating 
the wood, and it would be desirable that an inner lining he 
provided to insure against charring. 


(Continued on Page 281) 


The Determination of Ballistic Data by Actual Firing 


GLENN P. WILHELM 


Note.- The establishment of small-arms experime ntal ranges at Borden Brook, Mass and at Miami and Daytona Fla has been discussed Part 

~ J of the present series on Long Range Small Arms Firing, published in the January-February number ARMY ORDNANCE. Part I was a gen 
eral article describing the causes leading to the establishment of experimental ranges, including a description of each station and also showing 
some of the information and results obtained. Part II will be confined mainly to a description of the principal methods used to obtain the data 
and showing not merely how the results were obtained, but a'so their probable accuracy 

The remaining articles will be on svecia! subjects, confined to one or more ortant phases of the experiments For this reason the methods de 
scribed in the present article will not necessarily include the methods termining data which will be later more fully described under the 


special subjects. The remaining articles will, however 


complete in itself and can be read independently of either the preceding article or the articles to follow, yet at the same time it is advisable to 
refer to the other articles of the series for a better understanding of the whole subject Particularly is this true with regard to the pl 
graphs which as a general rule will pertain to the entire series and not meré y to one article. =p. ] 


HE discovery of the planet Neptune has been re- 
garded as the greatest triumph of mathematical as- 
tronomy. the 1846 had 


been known as the most distant planet, was gradually get- 


Uranus, which up to vear 
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Another conspicuous example of the wonders of mathe- 
maties is in its application to the determination of the path 
which a bullet travels through the air. Mathematies is an 
exact science which is sometimes erroneously held to be in- 

fallible and eapable of un- 





ting off the beaten track 
which computations showed 
it should follow. 
the 
ence between its 


How 
differ 
obs orved 


ever, distanee 


place and the path pre 
scribed for it was only 
about two minutes of are. 


Minute as this diserep 


ancy was (a silver dollar 
at a distance of 150 yards 
two 


subtends an angle of 


minutes), it was sufticient 
to enable the position of a 
hithe rto 


VIZ, Neptune, to be 


unknown planet, 
dete l 


mined by computation 
















limited applieation without 


| regard to facts. In the ease 


of the planet Uranus, 
mathematies was able to 
determine the cause and 


location of the disturbing 
factor only after observa- 
tion had shown that some- 


thing was affecting the 


planet. As soon as mathe 





maties proceeded to go be- 
vond the facts and became 
based upon an assumption 
it no longer was infallible, 
and great errors resulted. 
This is analogous to the 


' 
i mathemat- 





Two 


verrier, of 


mathematicians, Le 
Paris, an Fig. 1. 
Adams, of Cambridge, England, independently worked out 
the mathematical operations, and by considerably different 
mathematical methods reached the same solution, which en 
abled a practical astronomer provided with the neeessary 
apparatus to actually locate the disturbing planet by op 
servation. 

However, wonderful as this niathematieal achievement is, 
it is marred by an unfortunate error which occurred in th 
computations of both men. In addition to determining the 
planet's position in the sky, they also- had caleulated the 
elements of its orbit and a value for its mass, which wer 
very greatly in error. The reason for this error is that the 


had assumed that the mean distance of the new planet from 


the sun would follow “Bode’s:Law,” an assumption which 


IS not even approximately true. 


Cheir supposition, however, was justified by the available 


data at that time, since all the other planets, including 
Nevertheless 
the computed elements were so much in error that several 


Uranus. tollowed nae sode’s Law” very closely. 


authorities have contended that the discovery of Neptune 


was a “happy accident.” 





Parallel beaten zones from four Brownings : 
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applhieation of 


s to the flight of 

















hulle s 


range, one-half mile 


which, as long as it is based upon observation and experi- 


ment. is absolutely reliable. but when observation and ‘ex 


periment fail, and it becomes based upon assumption, great 


errors creep In. 


enthusiasts of no mean mathematical ability let 


the better ot 


ceed on a poliey which might be 


some 
their judgment and pro- 
“When 
eX- 


their confidence get 
stated as follows: 
with mathematies, repeal the 


, 
an experiment disagrees 


periment until it does agree.” Of course, there are experi- 


ments and experiments, and it is probably almost as easy 
to err in performing the experiment as it 1s in the ecomputa- 
tion due to unavoidable errors and unknown variations. 
The experimental firings, which ballistic tables up 
to the time of the Great War were based, were performed 


Mavevski determined the 


upon 


by Krupp at Meppen in 1851. 
laws of air resistance from the Krupp firings, these laws 


our own country the 


being extended at a later date. In 
computations of Mayevski and others were converted into 
English units by Colonel Ingalls. 

The first artillery tables used by the United States Army 


were computed by Colonel Ingalls from the work of Bash- 
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forth in England, Bashforth having used the data obtained 
by experiments in England on projectiles which are no 
longer in use. 

Bashforth’s spherical and round-nosed projectiles were 
superceded by Mayevski’s short, ogival projectiles, which, 
in turn, are now being replaced by long, pointed and boat- 
tailed projectiles. Inasmuch as it was necessary to replace 
the original tables based on Bashforth’s coefficients by 
tables made up by Mayevski, it is not strange that the great 
number of experiments performed during the Great War 
proved that Mayevski’s formule are inadequate and that 
new tables are necessary. Such, in brief, is the present 
probable status of exterior ballisties among all armies. 

Until the Great War, and even during the war, practi- 
eally all fire-control tables for both artillery and small arms 
were based upon the original computations of Mayevski. 
In most countries fire-control tables for small-arms ammu- 
nition were made up entirely by computation based upon 
the determination of certain experimental data at short 

range. 

The amount of experimental data available for small 
arms at ranges beyond about 1,000 yards has been ex- 
tremely limited. Since it was difficult to determine experi- 
mental data with small arms beyond 1,000 yards, and since 
the flight of small-arms bullets at ranges up to 1,000 yards 
apparently conformed to the path of projectiles as laid 
down by Mayevski’s formule, it was assumed that the 
flight of the bullet beyond 1,000 vards would also conform 
to the same laws. And just as the assumption in the com- 
putations in the orbit of Neptune caused a grievous error, 
so the assumption that the flight of the bullet at long range 
will follow the same laws as it does at short range has re- 
sulted in another serious error. This is due, not to an in- 
herent error in mathematical science, but to erroneous as- 
sumptions of mathematicians. 

The present article, therefore, will show how the data was 
obtained from long-range, small-arms firing, which, by the 
use of mathematics, will enable the Ordnance Department 
to formulate the necessary laws for precisely determining 
the path of the bullet at long range as well as at short 
range. 

It is particularly intended to show with considerable de- 
tail the various methods used, inasmuch as ballistic cal- 
culations had been standardized up to the time of the Great 
War after extensive research, entailing the study of cele- 
brated ballisticians; and unless the experiments which are 
abeut to be described involve the minimum of error it 
would be only reasonable to presume that the experiments 
were in error rather than the established methods. 

In general the Borden Brook and Florida firings demon- 
strated that the application of Ingalls’ tables to the com- 
putation of the path of small arms, flat-based bullets at 
long range is in serious error, in that the computed trajec- 
tory curve is far flatter than the actual trajectory; yet at 
the same time the same tables for a tapered base or boat- 
tailed bullet obtain a range which is entirely inadequate and 
a trajectory which is entirely too steep. 

Ingalls’ tables did not take into consideration the shape 
of the base of the projectile when determining the coeffi- 
cient of form and the ballistic coefficient, although the 
present experiments will show that the difference in the 
performance of these two types of projectiles is very great 
at ranges beyond 1,000 yards for small arms. 

Experimental Methods, Borden Brook Reservoir 

The error usually made by persons unfamiliar with ex- 

perimental firing is that valuable data can be obtained im- 
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mediately by deing a limited amount of actual firing. How- 


ever, to overthrow all previous ballistic data by cheeking 
that data by actual firing, requires extensive tests by a 
trained personnel with extremely accurate instruments over 
a considerable period of time. 

The original Borden Brook experiments were tor the 
purpose of determining by actual firing the following ip- 
formation for our .30-ealiber service ammunition and like. 
wise for various other types of small-arms ammunition: 

Obtaining range for 

Angle of Elevation as corrected by Angle of Jump and Clinometer 
seat errors, 

Deflection of Gun for purpose of mé 

Time of Plight. 

Angle of Fall, 


Penetration. 


asuring Wind Effect and D ft 


Accuracy. 
Machine Gun Dispersion—Vertical and Horizontal. 
sarrel Life. 


Considering that in securing the foregoing information, 
the data was chiefly to be obtained at ranges beyond 1,000 
vards, the size of the task can be appreciated when it is 
realized that the seeuring of such information had never 
before been attempted. 

As shown in the previous article, Borden Brook Reser- 
voir is an open body of water surrounded by hills, giving 
sufficient elevation so that the surface of the water ean be 
seen from short ranges up to ranges as great as about 2,600 


meters, 


Determination of Range 


The method used at Borden Brook in obtaining the 
In general the principle of de- 
termining the range was to set the guns at a known vertical 
distanee or height above the surface of the lake. An ae- 
curate angle measuring instrument was also set up near the 
guns at a known height above the surface of the lake. The 
guns were fired into the water, and the vertical angle of 
depression from the horizontal plane at the height of the 
instrument to the splash of the bullets in the lake was 
measured by the instrument. It follows, then, that to de- 
termine the inclined range from the height of the instrument 
to the center of impact in the water, the height of the in- 
strument is divided by the sine of the angle of depression 
read on the transit. In order to get the horizontal range, 
the height of the instrument would be divided by the tan- 


ranges was as follows: 


gent of this angle. The instrument then becomes a depres- 
sion-range finder. 

There can be no question in regard to the aceuraey of 
this method, providing that the work of determining the 
height of the instruments above the lake, and other instru- 
mental work, was in the hands of competent engineers. 

At Borden Brook Reservoir several positions for the guns 
and instruments were selectetl. 

First Position. The first position was with the instrument 
mounted on a rock at a height of 65 meters above the lake. 
The guns were slightly in front of the instrument. This 
position is illustrated in Fig. 1. In this ease the in- 
strument illustrated is a Battery Commander's Telescope. 
The height that the ecross-hairs on the instrument were 
above the level of the lake was determined by an accurate 
survey. The level of the lake was determined daily by 
readings to a tenth of a foot. The inelined range, as de- 
termined by the instrument, was corrected for the distance 
the guns were located in front of the instrument. 

The illustration shows four guns firing automatically 
into the surface of the lake, the beaten zone of each gun 
being approximately the same range. The minimum range 
possible at this point was about 500 meters—the maximum 
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about 1.300 meters. The depression angle, as determine? 
28’, 


bv the il 
and for the maximum range the angle was about 2° 52. 


At the maximum range an error of 1 minute would give 


strument for the minimum range was about 
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Fig. 2. Mid-Range Firing, using Mann rest and transit to secure bal- 
listic data 


an error in the range of about 7 meters. At this location 
the range could be increased to 1,500 meters by roiling back 
200 meters, giving a new height of instrument of about 90 
meters. In this position, at the maximum range of 1,300 
meters, an error of 1 minute would again be about 7 meters. 

Second Position. Position No. 2 was at another portion 
of the lake, shown in Fig. 2, the height of instrument 
being about 95 above the surface of the lake. The mini- 
mum range was about 1,500 meters and the maximum about 
2,000 meters. At this height of instrument an error of 1 
minute at the maximum range would be about 11 meters. 

Third Position. Position No. 3 was with the instrument 
located on the roof of a building. Two platforms were con- 
structed on this roof—one upon which the instrument was 
set and the other one for the observer to stand upon while 
“ading the instrument. In order that there would be ab- 
solutely no motion to the instrument while reading, the ob- 
server used a mirror for reflecting the bubble and reading 
the micrometer 

The height of instrument was about 110 meters above the 
lake. The minimum range at this point was 1,900 meters 
and the maximum less than 2,700 meters, depending upon 
the height of the lake. At 2,700 meters an error of 1 min 
ute in reading the instrument would give a range error of 
about 20 meters. 


The instruments used by the observers were: 


One Battery Commander's Telescope, reading to 1 mil. 

Six Standard Transits, reading to 1 minut 

One Gurley Hell Gate Transit, reading to 10 seconds of arc, |} 
in elevation and deflection. 


Method of Checking Ranges 

The big problem at Borden Brook was the correct de- 
termination of the range, and to insure that the range data 
were absolutely reliable an elaborate system of checking 
was devised. 

In addition to using instruments at the gun as depression 
range finders, transits separated by a horizontal base line 
of considerable length were,also used on the flank of the 
guns. These base-line instruments were used to check the 
ranges obtained by the instruments at the gun from time to 
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time, the majority of readings, however, being made at the 
run. 

The ranges as read by the instruments at the gun were 
also verified by means of floats which were set at a known 
range and by means of which it was possible to obtain by 
direct observation the range of a given burst. 

Instrumental errors were constantly reduced to the mini- 
mum by reference to a topographical map ot the reservou 
and its vicinity, which enabled readings to be taken from 
time to time to bench marks of known measurements. 

A grent many of the tests were fired with observers lo- 
cated at or near the impact of the bullets. who, by means 
of floats, bench marks, ete.. recorded the range independ- 
ently of the ranges obtained by the instruments at the gun. 

The maximum range errors possible were less than 1 per 
cent on individual readings, the average individual reading 


being much less. The probable range error, on account of 


the number of observations which were taken, was reduced 
still further by means of curves plotted from the observed 
data, each curve being located by a study of the number 
of points involved and considering the probable value 
which could be assigned to each point. 

On account of the length of the ranges observed, which in 
a great majority of tests was never less than 1,000 meters, 
any discrepancies due to erroneously determining the range 


were ot a minor nature. 


Determination of Elevations and Deflections 
Equally as important as the determination of range was 
the measurement of the angle of elevation and the horizon- 
tal angle of deflection of the guns. In some eases the eleva- 
tion was determined by means of the rear sight, a careful 
measurement having been taken of the height of the front 
sight above the center line of bore and the height of the 
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Fig. 3. Short Range Firing Point, Borden Brvok, showing angle of 
Fall Screens and Penetration Butt 


various graduations of the rear sight above the center line 
of bore. By means of these dimensions, and the length of 
the sight radius, it becomes a comparatively simple caleula- 
tion to determine the angle between the center line of bore 
and the line of sight for a given rear-sight reading. 
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In practice, it was usual to set the sight leaf at a given 
elevation and fire into the lake, observing the splash of im- 
pact. The center line of bore of the gun was raised or 
lowered until the line of sight coincided with the impact. 

This is one of the simplest and most rapid methods 
which can be devised for targeting a gun, and so effective 
is it in practice that it has been suggested as a solution to 
the problem of the quick training of recruits in rifle fire, 
beeause the firer almost instantly sees where his bullet has 
gone and is able to correct his sights accordingly. 

The usual method, however, of measuring elevations was 
by means of clinometers or quadrants, which were placed 
upon a suitable flat surface, known as the clinometer seat 
especially provided for on the various types of guns. The 
clinometers which were used for elevation measurements 
were generally of the service machine-gun eclinometer type. 
For purposes of more precise measurement and for cheek- 
ing the results, a special clinometer was used which was 
graduated to a least reading of 1 minute of are. 

The defleetion, or direction, of the original flight of the 
bullet was obtained either by means of a windage seale on 
the rear sight or by means of a graduated dial on the mount 
or tripod which held the gun. 

The zero of this seale or dial coincided with the zero in 
azimuth of the range transits, so that if the bullet deviated 
neither to the right or left, the splash as seen in the wate 
would be in direct prolongation of the center line of bore. 
The difference between the direction dial reading on the 
gun and the transit azimuth reading on the splash is, of 
course, the total lateral deviation of the bullet due to all 
sauses. 

All elevation measurements were corrected for the fol- 
lowing errors: 

First, the angle of jump, which was determined by first 
bore sighting the gun for the purpose of determining the 
center line of bore, and firing the gun; then measuring the 
distance between the center of impact of the shots and the 
intersection of the center line of bore on a vertical pape 
screen at a known distance, making due allowance for the 
sighting error and the drop of the bullet. se 

Second, the error in the clinometer seat, which was de- 
termined by finding the angular difference between the 
clinometer seat and the center line of bore. This was ob- 
tained by inserting a bore level in tha barrel and placing 
a clinometer on the clinometer seat, and taking the reading 
when the center line of bore was shown to be horizontal. 

All eclinometers used in measuring elevations were prop- 
erly zeroed, so that when the clinometer reading was zero 
the level bubble was in the center of its tube. 

All elevations measured by clinometer were, of course, 
corrected by the negative angle of site introduced by the ne- 
cessity for inclined firing. 

Deflection measurements were also corrected by changing 
the readings of the direction dial on the mount or gun an 
amount equal to the lateral angle of jump. 


Time of Flight, Angle of Fall, Penetration 

The total time of flight for all ranges was obtained by 
firing single shots at the same time that a test was being 
held for the purpose of securing elevation and wind effect 
data. The time of flight was secured by means of a modi- 
fied form of the Aberdeen Chronograph, which consists o! 
a slowly rotating drum kept at a very constant speed by 
means of an electric motor. The measurements were made 
by experienced observers operating a telegraph key by 
visual observation of the flash of the gun and the splash of 
the bullet. At short ranges such a method is not reliable, 
due to the shortness of the time of flight. At long range 








an experienced observer can keep his observations well 
within the precision required by the nature of the other 
factors entering into the experiment. 

Measurements of angle of fall were made at long range 
by means of paper sereens. Such an arrangement is showy 
in Figure 3, in which two paper screens are shown 
on the narrow point of land extending out into the 
lake, which were being fired at from the left flank. These 
determinations of the angle of fall were not very satisfac.’ 
tory, due to the fact that a paper screen of sufficient thick- 
ness to withstand the wind appreciably affects the flight of 
the light small-arms bullet on the descending branch of its 
trajectory at long range. Some angles of fall were measured 
by the marks of the bullets in penetration butts and in earth. 

Long-range penetration was obtained by means of a pene- 
tration butt made up of l-inch pine boards placed ] 
inch apart, and located in a convenient position so as to 
allow ranging the shots of a machine gun burst into the 
penetration butt, which otherwise could not be hit. 

Such a butt is shown in Figure 3 at the very tip 
of the narrow point of land extending into the water. This 
penetration butt was only 3 feet square, which at a range of 
2,400 meters is absolutely invisible; yet by the method out- 
lined it was possible to shoot over a score of shots into the 
butt out of several machine-gun bursts. 


Wind Effect of Drift 

As has already been shown, the total lateral movement 
of the bullet in flight was obtained by means of the angular 
difference between the direction of its initial flight and its 
impact in the water. By obtaining this record at all ranges 
under various kinds of weather conditions from a large 
number of tests enough data would be obtained to formu- 
late new tables of the effect of wind and drift on small- 
arms bullets at long range. No attempt was made at Bor- 
den Brook to separate the lateral movement of the bullet 
due to drift from that due to wind. 

The determination of accuracy of small arms and am- 
munition at Borden Brook was confined to comparative 
long-range dispersion, for which purpose the data was plot- 
ted into curves. 


Machine-gun Dispersion 
Machine-gun dispersion was obtained at all ranges by 
means of observations of the length and width of the beaten 
zone on the surface of the water. From these measure- 
ments caleulations were made involving the angle of site 
and the range, transferring the measurements on the hort- 
zontal surface of the lake into the probable length and 
width of dispersion on a surface parallel to the line of site. 
The result would be the same as if the guns were at the 
same elevation as the surface of the water. 
From these calculations the vertical height and width of 
machine-gun dispersion were obtained. 


Barrel Life 

The accuracy of machine-gun barrels, when fired under 
service conditions, was accurately obtained by plotting the 
dispersion obtained upon the surface of the water. This 
method was admirably suited to the purpose, as the data 
shows very clearly the point at which the machine-gun dis- 
persion increases rapidly. Visual observations and photog- 
raphy also show the same results. 

Daily records were kept of the meteorological conditions 
under which the various tests were conducted. By means 
of anemometers placed at periodie distances along the line 
of fire, readings were taken of the velocity and direction of 
the wind. Readings were also made of the temperature 
and barometric and hygrometric conditions. 
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Proposed Form of Standardized Government War Contract 


Not Standardization but Abolition of War Contracts 


By 


James A. Drain 


Member A. 0. A. 


T seems to me well worth while to consider whether thi 


enlightening discussion by highly qualtfied commenta 

tors on the Standardization of War Contracts previ- 
ously published in ARMY ORDNANCE 1s not a waste of am- 
munition beeause, though good ammunition, fired at the 
wrong target. Previous articles, for the most part, pre- 
sume a continuance of the conditions obtaining in the last 
war. Let us look into the question for our Nation’s sake 
if not for our own. For that purpose I submit not a briei 
but a discussion of principles. 

One of the functions of government is to conduct war. 
By the Constitution of the United States the war-making 
power is exclusively vested in the Federal Government. An 
equally important function of Government is to conserve 
the rights of all citizens as to person an! property under 
every condition. In peace we have one set of conditions, 
in war another, 180 degrees separated. 

A passage from a late book by John Hays Hammond and 
Jeremiah W. Jenks says: 

Democracy is not the expression of the equality of all men, but 
their equal right to develop, to exercise, and to profit by their ind 
vidual qualities; and that no program of social justice can ever real 
its object if it seeks to interpret equal opportunity in terms of a1 


equal reward for unequal service. 


Of course, this observation relates to normal times, peace 
times, when, according to the whole experience of the world 
from the first history of mankind up to this very minute 
all efforts to organize society without the competitive ele 
ment have failed. In war we face different faetors: th 
competition highly intensified and sanguinary is betwee 
an enemy nation and our own. Our causes as eitizens 0 
one nation are one. 

Love for men of other nations felt in peace becomes in 
war close to hate. But it isn’t necessary to dilate upon 
these points to those who will read this. You all under 
stand what avar is as a disturber of peace-time individual 
rights and international harmony. 

Granting, then, that we must, in war, set aside, suspend 
or subordinate the rights of the individual to those of the 
nation, we may take it as a fundamental, may we not, that 
the duty of the nation to its citizens and of citizens to the 
nation involve the utilization of every available resowree 
spiritual, intellectual and physical, to successfully prosecute 
ay war into which the nation may be foreed. And, as 
suredly, the United States will have to be forced into any 
war in which it engages; foreed either by the attacks of an 
adversary or the unbearable conduct of some international 
malefactor. 

Did we, during the last war, of which our memory is still 
80 vivid, make use of the full power of the nation, a powei 
which all good citizens desired it to exereise, to utilize all 
available resources of the nation to win the war? As- 
suredly not. 





What are the facts? We drafted man power to fight. It 
was right that we should. 3ut no one needs to be told that in 
drafting men to fight we made a requisition upon the most 
valuable possession of our citizens, and we took or prepared 
to take from them the one thing which we could not restore 
to them, namely, life. True, any citizen fit to live under 
the Flag is willing to die for his eountry, and our citizens 
showed that willingness. They accepted a draft law be 
cause it bore, in the main, equally upon all of them. 

Did our other efforts to utilize our resources result i 


an equal distribution of burden ? 


Not by any means. Pro- 
vision of law was made for taking over facilities for the 
manufacture of war material. It was done, not generally, 
but to a considerable extent. Price fixing was practiced, 
not as to al items, but as to many, and the railroads were 
There was no direct drafting of capita! 
or labor, though those with capital and those elassed as 
labor did largely voluntarily assume burdens by buying 
Liberty Bonds, subscribing to Red Cross drives and in other 


commandeered. 


useful ways help to win the war. 

No one can deny that we had profiteers in considerable 
numbers among us: capitalists, laborers, farmers, shop- 
keepers, who took all they could and gave as little as they 
dared. That is human nature at its worst. In war you 
expect men to be less selfish. In general, that is true, and 
as to the United States in this war it was true of the 
majority. 

Voluntary contribution to extensive war efforts is just as 
inefficient as raising an army by voluntary enlistment, anc 
we know that is the height of inefficiency. 

There is a rather widespread popular impression that 
the business men of this country who made contracts with 
the Government to furnish it war material are to be classed, 
by reason of that fact and without further inquiry, as 
profiteers. The truth is exactly the reverse. 

The majority of those owning plants, mines, and othe 
facilities which manufactured or supplied war material 
would have done better could they have eseaped the wan 
obligation, or elosed down altogether for the war. The 
discussion by others preceding this has been valueless if 11 
has not shown clearly that the manufacturer who entered 
into a contract with the Government was actually placing 
himself practically without reserve at the merey of the 
contracting officer. 

It is only the narrowest statement of justice to say that 
while many manufacturers expected profit when they made 
contracts, this was a mistake. They realized before they 
made contracts, this was a mistake. They realized before 
they had gone very far that they could not make money 
and still carry out the wishes of the Government and help 
win the war; hence, their problem came to be one of 


limiting losses. To their credit be it said that in almost 
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every case, as between doing what the Government wished 
and doing what would be of most or any profit to them, 
they did the best they could to help win the war. 

The participation of our men in the draft; the service 
of citizens in a thousand ways; the outpouring of money 
for Liberty Loans, the Red Cross and other drives were 
colossal. It showed the spirit of the people was right. Here 
a great waterfall pouring its millions of potential horse- 
power upon a few little over-shot wheels dabbling in the 
edges of the flow, while with proper installation all of this 
mighty energy could have been used. 

If we ean draft the man power of the nation to fight, 
and the people will stand for it, is it not reasonable to sup- 
pose that we can draft every other resource of the nation, 
and that the people will be glad to have that done? If a 
war is popular, it can be done. If a war is not popular, it 
should not be waged because it may be lost. A system of 
this kind would tend to prevent entry into war and guar- 
antee suecess when entered. 

You may quite naturally ask how this is to be accom- 
plished. Of a surety it means changed laws. It will not 
be a very hard task to draft appropriate laws once we 
agree upon principles. There may be some difficulty in 
selling these principles to the people, but no insurmount- 
able ones. The passage of the laws would be a simple task 
when we have agreed what they should be and ecavinced 
the country of the need for them. 

Let us say that we agree, then, that a means should be 
found by which the total resources of the nation should be 
aggregated for war; a maximum of power; a maximum of 
effort; and a minimum disturbance of individual rights. 

This means drawing a distinct line of cleavage between 
peace and war conditions; the freezing of prices the in- 
stant war is declared; the adjustment of many inequalities 
of that freezing process and all other possible questions 
during the war itself by tribunals specially constituted for 
the purpose; the drafting of the man power of the nation 
to fight and to work, of its capital and all facilities, indus- 
trial, agricultural and otherwise, upon such terms and 
under such conditions as to secure to every individual an 
opportunity to help to the fullest extent; to make the bur- 
den rest as nearly as may be with equal weight upon all; 
and to guarantee that no individual shall be the gainer in 
a material way by giving such help. In spiritual growth, 
in deserved recognition by his fellow citizens of his efforts, 
of gain to his nation through his aid, a citizen should profit, 
but in no other way. 

Our men drafted to fight should be protected by a defi- 
nite sum due to their heirs or beneficiaries for death and 
stated disability allowances, all immediately payable upon 
proof of death or disability; those damaged only in civil 
status by draft service to be protected by employment 
after discharge, if need be on publie works, until they ean 
fall into step with unmilitary life. As to property or 
facilities drafted, the return of it or its equivalent to 
owners without profit but without loss; in short, to such 
extent as is within the compass of the Government to re- 
turn the country and all within it to the condition of before 
the war, with the pride of victory as part balance for 
its losses. 

The editor will say that I have written long enough, but 
he will be wrong unless what has been said here shall con- 
vince you that these principles are sound, and that ways 
must be found to make them the active governing prin- 
ciples of our next war. If they are to be made so we 
must take practical steps at the earliest possible moment 
to insure that end, for war comes “like a thief in the 
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night” and no man may say when it will be again upon ys, 

If you ask me what is the first step, I should say, upon 
whatever jiitiative vou like, to have a special conferenee 
ealled of men from Congress, the War and Navy Depart. 
ments, the National Guard, financiers, farmers, labor 
unions and representative women. Women, because they 
will play a much larger part in the next war than they did 
in the last, and in the last efforts were many and of great 
value in all of the countries engaged. Of course, some 
one will have to make a start and formulate a program, 
The Army Ordnance Association may well be that some 
one, 

If, on the other hand, none of this argument seems 
sound and members of the Army Ordnance Association 
feel that we mnst go forward with the former incomplete, 
inefficient and grossly unjust method of waging war prae- 
tically unchanged, then, there should, in my opinion, be a 
conference of officers of the Ordnance Department of the 
Army; officers who came to the Ordnance Department dur- 
ing the war from industry, and manufacturers, with a view 
to laying down the best half-way method. As an essential, 
to me a vital one, if we cling to the faulty past practiee, 
would be provision in all contracts for the determination of 
disputed questions through some other agency than the 
contracting officer. If Unele Sam is to contraet with his 
citizens, he must not continue in the arrogant tyrannical 
way of ancient autocratic sovereigns to insist upon requir- 
ing of the other party to the contract things which he will 
himself not do, nor should he expect to be sole judge of 
close questions of performance. This is in no sense to be 
taken as a criticism of contracting officers of the Ordnance 
Department or any other department of the Government. 
In spite of an unjust and vicious system, through sheer in- 
herent fairness and honesty these men have usually accom- 
plished substantial justice. 

But I cannot believe that we Americans, pioneers, who 
have shown ourselves so well able to carve ways through 
the physical, spiritual and political wildernesses of a new 
world need fear to plan and make a way by which with 
justice to all our citizens we shall in our next war utiliz 
our every available resource to win that war. That means 
pledging not only “our lives, our fortunes and our sacred 
honor” to the support of the Government, but sound and 
wise provision of law proposed and passed in the coolness 
of peace for use in the heat of war, placing all of that we 
have and all that we are at the disposition of the country. 

But finally and positively, I maintain that if you eam 
draft men to fight in war, you ean, and in all fairness and 
efficiency should, draft the total resourees of the nation in 
war. If you agree with me, let us see that it is done. 


[Certain features of the form of contract discussed in Major Galle 
her’s article appearing in the November-December, 1920, number of 
ARMY ORDNANCE have recently been incorporated in a new form of 
contract intended for peace-time requirements, This revision (Form 
700), revised December 22, 1920, will be used in the Ordnance Office 
The new form will be mued 


and at the arsenals in current contracts. 
The verbosity of the old 


briefer than the form which has been used. ‘ 
form is illustrated when comparison is made of one clause, which, @ 
the old form, contained 1,151 words. The new clause contains 325 
words. 

The subject of Contract Standardization in the War Department has 
been under discussion in the War Department Technical Committee, af 
Lt. Col. George M. Gibbs, G. S., is Chairman, and on which Col 
The sub-committee on contrat 
Ordnaneé 

require 


which 
David M, King is Ordnance Member. 
forms, under the Chairmanship of Maj. Richard H. Hawkins 

Department, is engaged in a survey of recommendations, or 
ments, of general application in the several supply b:anches of the 


War Department.—Eb. ] 
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“One Fifty-Five” vs. . 


Cent Cinquante-Cing” 


A comparative study of American and French Corps Artillery 


By 


T. A. CONLON 


Member A. O. A 


Model of 1918 


is universally eonceded to be the 


HE 155 mm. gun earriage, (Grande 
Puissance Filloux ) 
best design of Army Corps Artillery developed and 

brought forth during the war. Its simplicity in design, its 
wide angle of traverse (60 deerees), its compact and effieci- 
ent recoil mechanism, its long range and ability to with- 
stand hard usage, together with its graceful appearance, 
won for it ready approval from all those in a position to 
appreciate it. 

Yet, before the war was brought to a close, the artillery- 
men found much to be desired in this e¢arriage, and in 
the report of the Westervelt Board there are found speci- 
fications for a Corps gun and howitzer carriage that must 
not only possess the desirable features of the Filloux ear- 
riage but in addition thereto must have a greatly increased 
angle of elevation and range. Furthermore, this increased 
elevation and range must be obtained without exceeding 
the weight of the Filloux earriage. The depth of the pit 
dug to permit recoil of the piece when firing must be re- 
duced or if possible, eliminated, in order that the time con- 
sumed in preparing the carriage for action may be reduced 
to a minimum. 





In accordance with these specifications, the model of 1920 
carriage has been designed to mount, with slight modifiea- 
155 mm. gun model of 1920 (built up), 
the 155 mm. gun model of 1920 MI (wire wrapped), the 
8-inch 1920 (built up) or the 8-inch 
howitzer model of 1920 MI (wire wrapped). 

Filloux type; it differs 


tions, either the 
howitzer model of 
The recoil mechanism is of the 


from that used on the G. P. F. 
required in the recoil and counter recoil evlinders 


carriage in the greater area 
The elevating mechanism is entirely unlike that used 


with the French Carriage, which consists of a pair of 


helical gears at the end of the handwheel shaft, a pair 
of bevel gears at the end of the worm shaft and a worm 
engaging a worm wheel segment bolted to the under side 
of the cradle vielding a range of elevation from 0 degrees 
to 35 degrees—one turn of the handwheel representing 8.5 
mils of elevation. On the other hand, the elevating mech- 
anism on the new American carriage consists of a pair of 
bevel gears at the end of the handwheel shaft, a worm and 
worm wheel. The worm wheel is keyed on the elevating 
pinion shaft; the elevating pinions engage the elevating 
The ares have a free fit on the trunnions, extensions 


ares. 








The new American 155 mm. Gun outranges the F 
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rench 155-mm. G. P. F. by nearly five miles 
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on the side of the cradle give the firing load to the ares 
The cradle is locked to the are by the quick return mech- 
anism. The range of elevation is 0 to 65 degrees; one turn 
of the handwheel represents 5 mils of elevation. The lett 
are forms a support for the sight bracket while the right 
are forms a support for the gears of the quick return 
mechanism. , 

The quick return mechanism is a necessary addition to 
this carriage if rapidity of fire is to be obtained in view 
elevation and the slow movement 


of the high angle of 
The quick return mech- 


through the elevating mechanism. 
anism is located on the right side of the carriage, rear. lt 
is operated by one man who unlocks the eradle from the 
elevating are and through the train of gears on the ele- 
vating are brings the cradle to the loading stop (11 de- 
This stop is readily tripped if a lower angle than 
In unlocking the eradle. 


grees ). 
11 degrees is desired for firing. 
the operator automatically locks the breech firing mechan- 
ism. The sighting is undisturbed by this loading opera 
tion and the sight and elevating mechanism are free to 
permit a new setting’ if desired. The cradle, after the 
piece is loaded and brought down by the train of gears 
mentioned above, automatically locks itself to the elevating 
are, at the same time unlocking the breech firing mechanism. 

The new earriage is provided with a spring equilibrator 
mounted on the top ‘earriage and connected to the cradle 
through the trunnions to permit the recoil of the piece at 
a high angle of fire without digging too deep a pit. The 
equilibrator accomplishes this by making it possible to 
move the center of gravity of the tipping parts a con- 
siderable distance in front of the trunnions; on this ear- 
The weight o1 


riage this distance is thirty-seven inches. 
In order 


the tipping parts is thirteen thousand pounds. 
to make the equilibrator function satisfactorily it is neces- 
sary to employ a regulator that will cause the spring effort 
of the equilibrator to equal the moment effort of the tipping 
parts at all angles of elevation. With the 8-inch howitzer 
model of 1920 it is necessary to start digging at 40 degrees 
elevation. The maximum depth of pit ‘required at 65 de- 
grees elevation is 15 inches and the same is true of the 
155 mm. gun model of 1920. 

With the French earriage it is necessary to start digging 
at 20 degrees elevation and the maximum depth of pit re 
Were it pos 


quired at 35 degrees elevation is 24 inches. 
sible to fire this carriage at 65 degrees elevation. it wou 
he necessary to dig a pit 59 inches deep, as the tipping 
parts are balanced at the trunnions. 

The .French carriages are supplied with two hydraulic 


COMPARATI 


alibers 
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jacks and a metal lifting beam; the purpose of these is 
to prepare the gun earriage for action; with the aid of 
these tools the carriage is lifted and the limber run out, 
the trails lowered and swung to the position prepared for 
them, the pivot pin inserted in the axle and the axle spring 
unshackled. Considerable objection was made to the 
amount of time required for this and to overcome these 
objections in the American carriage a pair of screw jacks 
are built in the axle for lifting the earriage and inserting 
the pivot pin and unshackling the axle spring; for maneu- 
vering the trails two long handspikes are provided and a 
stand on which to rest the trails while the limber is being 
withdrawn. 

The trails on the American carriage are similar to those 
on the French G. P. F. with the exception of a new design 
of traveling lock. The piece when traveling on the ear- 
riage is retracted by a winch which fits on the end of the 
Stops are provided on the trail for the gun and how- 
The spade connection has been 


trail. 
itzer transport 
modified; the spade has a large stud on the float that enters 


wagon. 


the under side of the trail members. 

A transport wagon is provided for carrying the piece, 
the purpose of which is to distribute the loads, thereby in- 
creasing the mobility of the materiel. 

To remove the piece from the carriage, the trail members 
are brought together on the ground and locked. The trans- 
port wagon is backed up over the trail until it strikes the 
stops provided on the trail. <A lifting mechanism on the 
wagon catches in the rear end of the trail. In lifting the 
trails the rear wheels of the wagon are also lifted free of 
the ground bringing the slides on the cradle in line with the 
slides on the transport wagon. The lifting mechanism vir- 
tually binds these two vehicles into one. A removable winch 
is used to pull the piece on and off the wagon. The wineh 
is supported on the front end of the wagon in the firsi 
instance and on the front of the eradle in the other. 

The carriage limber is similar in design to the G. P. F. 
limber excepting that the body is made of one 
The wheels 


earriage 
casting and that there are no removable parts. 
are each 300 Ibs. lighter than those used on the G. P. F. 
carriage limber and are the same as the wheels used on the 
transport wagon tor this materiel. 

The following table shows comparatively the principal 
characteristics of the new American 155 mm. and 8-inch 
materiel, the French 155 mm. G. P. F. 
itzer carriage (British) Mark VII... This earriage was used 
extensively by the United States Army in France during 


the war. 


and the 8-ineh how- 
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Joint Meeting 


Ordnance Section, Aiaerican Society of Mechanical Engineers 
and 


Army Ordnance Association 


Rock Island Arsenal, Illinois 
May 27 and 28, 1921 


The Secretary 1s mn receipt of the following eordial invi- 
tation: 
HE AMERICAN Society OF MECHANICAL ENGINEERS, 
29 West Thirty-ninth Street 
New York. March 16, 1921 
Tue SecrReETARY, THE ARMY ORDNANCE ASSOCIATION 


Munsey Building, Washington, D. ¢ 


My Dear Sir: The President and the Council of The American 
ciety of Mechanical Engineers nete with considerable gr: 
al rrangements made by the Ordnance Section of ou societ 
oint gathering with your Association at the Rock Island Arsena 
May twenty-seventh and twenty-eighth, when our members 
iests of the Arsenal upon the invitation of the Chiet of Ordnat 


the United States 


President and Couns ipon the recommendatio ( 
Meetings and Program, therefore cordially invite the Army 
Ordnanet Assocation participate and hope that the t 
ndertaking will be an unqualified success 
Yours truly 
CALVIN W. Rice, S tary 


lhe above invitation has been accepted with pleasure by 
the Army Ordnance Association. Members who desire to 
attend are intormed that Maj. F. C. Bull, Chairman, Or- 
ganization Committee, states that the present plans of the 
Ordnance Seetion, A. S. M. E., are to leave Chieago on the 
midnight train, Thursday, May 26, arriving at Rock Island, 
Illinois, on the morning of May 27. The forenoon will be 
spent in an inspection of the Arsenal. After lunch the pro 
fessional meeting of the Ordnance Seetion will be held. 
Papers will be read and steps taken to effeet a permanent 
organization of the Section. The next day will be spent at 
the Arsenal. An opportunity for golf on one of the best 
the Middle West will be offered those who bring 
along their elubs. 

Members ef the Army Ordnance Association who intend 


eourses 1 


to be present al this joint meeting should notify the Secre- 
tary at Room 410 Munsey Building, not later than May 15, 
1921, in order that further information ta regard to details 
of the meeting may be furnished them. 
(Continued from Page 255 
The Aberdeen Proving Ground 

special development work in small-arms ammunition was 
not apparent. We had a rifle and ammunition which, fo1 
the purposes for which they were developed, were second 
to none. 

The developments of the world war were, however, what 
brought out the vital need for proving ground facilities 
where the various types of small arms ammurition, both 
standard and experimental, could be adequately tested. 

When this range is in operation, it will be possible to 
determine by actual firing, in a minimum of time and with 
a” maximum of aceuracy, practically any problem in con 
nection with small arms ballisties. 

To get the fullest benefit from this range, it is hoped, in 
addition to solving any firing problems that may be pre 
sented by the Infantry to extend, to a limited extent, the 
use of the range to private manufacturers of small arms 


and small-arms ammunition. If suitable arrangements can 
he made, ballistics of any commercial tvpe of gun or am- 
munition ean be accurately determined. This will enable 
the Ordnance Department to keep in touch with all develop 
ments in small arms and will tend to effeet a close ¢o- 
operation between the Department and the manufacturers. 

Individual riflemen throughout the ¢ yuuntry will be en- 
couraged to take up with the Department questions in 
regard to the ballistics of small arms ammunition and an 
endeavor will be made to keep the public informed through 
the different journals ot any new development work. 


(Continucd fro Page 272 
Competitive Test of Semi-Automatic Shoulder Rifles 


The following features are considered desirable: 

a) The rifle should be capable of being used as a hand 
functioned arm in e¢ase the automatic feature is disabled 
The bayonet should be so attached as not to interfere with 
the proper operation ol the piece under any\ conditions 
that may normally be expected. 

b) The use of special high-grade material, highly spe 
Glalized heat treatment, or special erade machine work o1 
finish in general should not be required. 

(c) An exeess of oil or grease or any other material not 
readily obtainable in the field should not be necessary to 
the proper Tunctioning of the piece, 

d) The use of special tools for adjustment or dismount 
ing or assembling should be reduced to the minimum. 

The following features are considered preferable: 

(¢) Sights that are over the center of the bore and so 
firmly fixed as to avoid any possibility of variation in posi 
tion due to constant firing or rough handling. 

(>) The rear sight not less than 2% inches and not more 
than 6 inches from the eve when using the weapon in the 
prone position, It should be graduated up to 1,500 vards 
and have a wind gauge. 

(c) In ease a sight embodying the above points is not 
devised by the designer, the rifle should be so constructed 


as to permit the installation of such a sight. 


Announcement 


We regret that in submitting to us the 


lanuseript of his 
article, “The Gage Problem in Ordnance Manufacture,” 
printed in the January-February number of Army Orp- 
NANCE, the author, Maj. J. O. Johnson, inadvertently omit- 
ted a foot note giving credit for use of certain material em- 
bodied therein. Inasmuch as we had no knowledge that any 
of this material had ever before been published, the manu- 
script was printed by us as submitted, and for our unin- 
tentional breach of ethies in this matter, we hereby tender 
sincere apologies to all coneerned. 

The following foot-note should have appeared on page 
192 of the January-February, 1921, number of Army Orp- 
NANCE: 

“The subject matter following this note has been largely 
taken from notes and memoranda compiled by Lt. Col. E. C, 
Peck when he was Chief of the Gage Section, Ordnance Of- 
tice, and which were used as the basis of articles by Colonel 
Peek in the American Machinist and also in Mechanical 
Engineering. Other portions have been abstracted from 
the report of the operation of the Gage Section, of which 
Colonel Peck was in charge during the war. 

“The author wishes only to bring together under one head- 
ing portions of these notes in order that they may be found 
in a convenient place for future reference in case of need” 
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QUALITY PRODUCTION 
“Wars of the future are being won cr lost in the Ordnance 


drafting rooms of to-day.” 


S applied to the repetitive processes incident to the 

manufacture of bieveles, automobiles, typewriters, 

sewing machines, ete., we frequently hear of “quan- 
titv production.” The annals of American Industry are 
replete with accounts of marvelous accomplishments in this 
direction. But few of these even mention, much less give 
proper credit to, those who have performed the non-spec- 
tacular preliminary drudgery incident to perfecting the 
first “type” article. from which innumerable replicas are 
mechanically produced. Yet the quality of the entire series 
is largely determined by the quality of the “pilot” piece. 

As regards Ordnanee, the present is a period of quality 
production, the pertection ot improved tvpes as a result of 
World War experience. Quantity production is, at present, 
unnecessary, due to our fortuitous accumulation of mu 
nitions incident to the World War. However, when war 
threatens, quantity produetion will be necessary, vitalls 
necessary—and suitability for manufacture by quantity 
production methods must ever be kept in mind in develop- 
ing new Ordnanee. A given device may be considered 
highly effective by the Line, and therefore greatly to be 
desired, but unless it is susceptible of manutacture in ade- 
quate quantities within a reasonable time it ean not be 
adopted as: standard and must give way to a less effective 
device which can surely be produeed when and as needed. 

The preceding pages comprise the Ordnanee Teehnieal 
Staff Number of Army OrpNANCE and outline the mechan 
ism whereby the desires of the combat forces are reconciled 


l 
? 


with production possibilities. If this administrative . pro- 


cedure seems unduly complhieated, account must be taken of 


the fact that nations go to war largely on the basis of de- 
signs worked out in times of peace. The painstaking care 
used to effeet a perfeet 75-mm. shell—the time and money 
used now to refine its slightest detail, are wisely expended 
in preparation tor the possible need to manutacture a bil- 
lion dollars worth of this single item of Ordnance alone. 
Similarly, through the long list of thousands otf separate 
and distinct articles comprised in the general terms “ord- 
nance,” designs and speeifications under consideration to- 
day may in the near future be manufactured in Jimited 
quantities only, but emergency may dictate their produe- 
tion by millions, in some eases even by billions, in which 
event the funds and energy expended in quality production 
to-day will be amply justified by prompt and adequate 
quantity production when the future demands it. 


On the Right Track 
VEN a casual reading of the leading article in this 
number inspires the convietion that the present 
effect between the designers and 


modus operandi i 
manufacturers of ordnance and those who may some day 
be called upon to use these implements of war in the erueia! 
test of battle, will be productive of exeellent results. 


A consideration of the comments thereon by representa- 
tive officers of the Line of the Army leads to the econelusion 
that one great good has already been aecomplished—the 
combat troops have a sustaining confidence in the weapons 
with which they are supplied. The importanee of this fae- 
tor tor building up morale can be sensed in recolleeting the 
determining influence of the almost religious faith in their 
Seventy-Fives ineuleated in the French Army—a confidence 
in the efficacy of their ordnanee which vastly inereased the 
effectiveness of weapons in nowise superior to those of 
their opponents. 

With Seience and Industry advising as to possibilities of 
production, and the Line intelligently establishing require- 
ments tor effective use, Ordnance is in a position to render 
its real service to American manhood—by providing su- 
perior mechanical devices which conserve the human ele- 
ment by affording greater protection, by increasing striking 
power, and by strengthening resolution in the face of a de- 
termined enemy. 

As established by General Williams and administered by 
General Ruggles, the present system is providing the com- 
hat forees with a measure of superiority in mechanical 
equipment which may some day save countless American 
lives. Army ordnance is on the right track. 


Sale of Arms and Equipment to Reserve Officers 

The following regulations will govern the sale of arms 
and equipment to officers of the Officers’ Reserve Corps 

Reserve officers on active duty, after proper identitica- 
tion, may purehase necessary uniforms, accouterments, and 
equipment at the same prices and under the same rules and 
regulations as govern the sales of such articles to officers ot 
the Regular Army. 

Reserve officers not on active duty, after proper identiti- 
cation, may purehase, in such quantities as would be re 
quired by them when ealled into aetive Federal service, and 
at such places as may be designated in orders or from sales 
stores or other points of supply in the department or corps 
area in which they reside, necessary uniforms, accouter 
ments, and equipment at the same prices at whieh such ar 
ticles are furnished to officers of the Regular Army. Sueh 
ofticers will make the purchases as follows: 

a. Those who reside near or in the vieinity of a depot 
sales store or other point of supply will purehase the ar- 
ticles from such store or point of supply. 

b. Those who do not reside near or in the vieinity of a 
depot sales store or other point of supply will submit writ 
ten requests for all purchases to officers in charge of depot 
sales stores or other points of supply. 

c. All requests for purchase must be accompanied by 
proper means of identification establishing the fact that the 
person making the request is an officer of the Officers’ Re- 
serve Corps. The officers making the request will certify 
therein that the artieles are for his own personal use, and 
that application to purchase is made under paragraph 1174, 
Army Regulations, as amended. The request will list the 
articles desired, and will state what number of articles re- 
quested, if any, have been previously purchased from the 
United States Government; if such articles are to be ship- 
ped, the address will be stated. When articles are to be 
shipped, request will be accompanied by a money order or 
draft, and the amount will cover the cost of the articles and 
the necessary packing cost, but will not inelude the cost of 
transportation, as all such articles will be shipped by parcel 
post, express, or by freicht eolleet. Money orders or dratts 


will be made pavable as follows: 


=f 
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(1) For quartermaster property: To the “Officer in 
Charge of Depot Sales Store,” or other supply point. 
») 


Oificers in charge of sales stores, or other points of sup- 


ply, will assure themselves that an individual making re 


quest to purchase is entitled to, and is only obtaining, the 


articles that would be immediately required by him when 
called into active Federal service. 

With the exception of clothing and ammunition, sales of 
more than one article of equipment to an officer will not b 
made unless he can establish by suitable evidence the loss 
or destruction, through no fault of his own, of such article 
previously purehased by him. Supply bureaus will main- 
tain records of all articles having serial numbers sold to re- 
serve officers. 

Reserve officers when called to active duty are not author- 
ized to have issued to them on memorandum reeeipt for 
temporary use any article previously purchased by them. 

Information concerning cost of articles, packing, ete., 
can be obtained by writing to the quartermaster of the de 
partment or corps area, or trom officers in charge ol depot 


sales stores or other supply points. 


Memberships and Subscriptions 
Due to the inereasine number of orders from Public 
Libraries, Colleges, Teehnieal Libraries of Corporations, 
ete., tor subser plions only to Army ORDNANCE. and in o 
der to distribute equitably the cost of production of the 
magazine between membership (ineluding subseriptions 


and subseriptions alone, the Board of Directors has « 


rected that the price of subscriptions only to ARMY ORD 
NANCE be set at 34.50 per vear, effective on Issue of the 
Mareh-April number. The subseription price to members 


of the Association only will remain at 335.00 per veai 
heretotore, this amount being included in the regular met 
bers }) dues ol £5.00, 

Members are requested to bring ARMY ORDNANCE to tl 
attention of the Publie Libraries in the cities in whieh the 


ie, to the Teeéhmeal Libraries ot the tirms MN wiheh the 


ure ¢ mploved, and to all other agveneéies offering a wide fe 
for dissemination of the information printed in the mag: 
zine with a view to securing additional subscriptions, o 


which there is no limitation as to eligibility, as distinguishe 
from memberships in the Association, which are open only 
to American citizens who occupy or have occupied positions 
which render them of potential usefulness in the produetior 
of ordnance in emergency. 


Publishing Schedule Resumed 


By dint of hard work on the part of all coneerned, it has 
been possible to eatch up with our regular publishing 
schedule. This number, which will be issued in the first 
week in April, will, therefore, be called the Mareh-April 
number, and the regular May-June number will be pub 
lished during the first week in June, 1921. The editorial 
announcement on page 217 of the January-February 
(March) number to the effeet that the January-February, 
March-April, and May-June numbers would be combined 
into two numbers ealled the January-February-Mareh and 
April-May-June numbers is aceordingly rescinded. The 
thanks of the Association are due to the clerical force in the 
Secretary's Office and the publishing force at the Printer’s 
for their strenuous efforts to overcome the unavoidable de 
lay which oceurred in printing the January-February 


number. 


(2) For ordnance property: To the “Chief of Ordnance.” 
(3) For signal property: To the “Chief Signal Officer.” 


Back Numbers Wanted 


Requests for back numbers of Army OrpNANCE, particu- 
larly the July August, 1920, and Januarv-February, 1921, 
numbers, are being constantly received at the office of the 
Secretary. Although 3,880 copies of the latter number, 
“Ordnance Field Service,” were printed, orders for 150 
copie s in exeess of this total have been received and ean not 
be filled unless members who ean spare their copies will 
mail them to the secretary of the Association at Room 410, 
Munsey Building, Washington, D. C., and thereby render 
a real service to the Association by extending thé field of 
its usefulness. 


“The Story of American Ordnance” 

Through the courtesy of the MeGraw-Hill Publishing 
Company and Mr. Kk. H. Condit, Editor of the American 
Machinist, the Association has been furnished about 200 
copies of the reprint of Maj. John H. Van Deventer’s 
“Story of American Ordnance,” which appeared serially in 
the American Machinist in 1919. The Secretary of the As- 
sociation will be glad to send copies of this interesting series 


to members upon application, without charge 


Appointments in the Regular Army 
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D.monstretion of Motor Gun Carviages—On the mornings of Feb caliber cannon more in proportion to its weight and other characteris 
ruary 8 and 9, 1921, the Ordnance Department gave an exhibition tics. This development has resulted in the present type of Christ 
ind demonstration of Ordnance Motor Equipment of various types In wheel caterpillar for the 155-mm,. gun, which was_ illustrated 
Rock Creek Park, Washington, D. C. The following motor gun car previous issue 6f ARMY ORDNANCE, 
riages were shown in this demonstration: The 75-mm, gun, the 155 The motor gun carriage illustrated, while admittedly not fulfilling 
mm, gun, and the 3-inch anti-aircraft gun equipped with rubber-tired all the requirements of an anti-aireraft type, still has a limited field of 
wheels only. The 75 and 155 mm. motor gun carriages gave a very usefulness. Its particular field of operation would be the defense 
reditahle demonstration of the ability of this type of gun carriage to cities or other places where good roads are available for transportatior 





successfully maneuver rough ground and difficult hills. Recent'y, four of these vehicles have been reconditioned at the Aberde: 




















These motor gun carriagcs travel’ed over the roads ‘from the Aberdeen Proving Ground for service tests and, more recently, one was ex 
Proving Ground, Md., to Washington, D. C., for this demonstration, hibited and operated in Washington during the demonstration in Rocl 
ind, in returning, covered the ‘distance of 80 miles in a single day’ Creek Park, having been driven from the Aberdeen Proving G l 
march, The 75 mm. motor gun carriage was of the convent onal cater under its own power. 
pillar type and the 155 of the removable tra k type (Christie), which The genera ghts and characteristics at is tollows 
runs on rubber-tired wheels on good roads. The two typcs of moto Total weight of vehicle in working orden Ib 5G 
gu irriages, however, experienced no difficulties on this march, which Total weight of gun and mount b 14 
formed a part of the official testing of these experimental vehicles. Maximum overa!!l length of Vehicle n -=4 

: Maximum overall width of vehicle (on the road n l 

Self-propelled Wheelid Mount for Binch Anti-aiieraft Gun, Mod Maximum overall height of vehicle (gun horizontal) in 16 
1917.—The_ illustration shows the  Self-propelled Wheeled Mount Wheel base n lid 
Christie) for the 3-inch Anti-aircraft Gui Model 1917 During the Size of wheels, 40 inches diameter by 10-incl ae ibber . 

center-to-center of treads in 
, Maximum road speed mi, per hr 12 
| Sive View or Frost Daive Moree Taece Normal -road = speeds mi. per hr 7 
son Gasoline consumption mi, per ga = 
| ANTI AIRCRAFT GUN ANDMOUNT. Move 1917 nngme of chvation of gun Saprene 7, ee 
J ’ ANDTYOUN 1, HEL IL Traverse : degrees& an 
MAXIMUM ELEVATIONS” M:V: 2600 F-s Range of gun in the air yards 805 
Weight of projectile Ibs 33 
Turning radius of vehick it if) 
Capacity of fuel tank gal, 30 
Horsepower of motor 5 
Type of engine, 4-cylinder, ball-bearing. Type of drive, 4-wheel 
Infantry Howitzer Development. The manufacture of two int 
howitzers and their carriages has been completed by the Ordnan« I) 
partment, and these are now en route to the Aberdeen Proving Gri 
for test. This weapon was designed in the effort to provide 
vhich will replace the present 37-mm. Infantry Gun and the 
Stokes Mortar, both of which were used in the World War. Exper 
indicated that it was necessary to increase the penetrating and d 
structive power of the former, and the accuracy, power and mobility 
of the latter: and that it was also desirable f possible, to replace 
n one weapon 
To meet these’ specifi ations the new aesign ot howitzer Is 2 S4 
inches in caliber and will fire either a 6-pound or 10 pound pre 
The 6-pound projectile will have a velocity of about 700 foot onds 
ind is intended for direct fire at low elevations. The 10-pound 


ar five of these mounts were manufactured by the Front Drive Motor 11 i ' , 
: A ss ectile wil e use at t rh elevations at lower ( thu 
Co., Hoboken, N. J., aftcr the design of Mr. Walter Christie, the presi d at the high elevations at a lower velocity, thus 


. aia : filing the present functions of the 3-inch Stokes ‘tar. The sas 
dent of this company. rhe first of these mounts, the pilot, was giver I : . © o-In ok Mortar. The carriag 


é s so designed that it can be broken u nt ? p« 1 
an extended series of firing and operating tests at the Sandy Hook : p into a number of small 
Proving Ground and on the highways. From data gathered from the 





tests of the pilot mount four additional mounts were constructed and , ; 
shipped to the Sandy Hook Proving Ground for further test . > a Bee! oa ; Pt all 
rhis type of mount represents one of the first attempts to use a self . ’ 
propelled vehicle for mounting and transporting guns. The gun se 
ected has a pedestal type anti-aircraft mount, as this construction was 
suitable for mounting on the frame of the vehicle. 


While the vehicle was given the designation of an anti-aircraft 








mount, its limitations for this service were soon discovered, and be 
cause of these limitations, chief among which were its great weight and 
depcondence on good roads, it was not considered acceptable for use in 
France, or any other place in the field. 

During the war the using services in France demanded a type of 

hicle which should have greater mobility, higher speed, less weight 
and other characteristics desirable in vehicles intended for use with 
anti-aircraft guns, Consequently no additional mounts of this type were 
manufactured and new developments were undertaken in the cater 
pillar type, or the combined wheel and caterpillar type, to produce a 





a 








motor gun carriage more nearly conforming to the requirements. 





The Christie type of vehicle was adapted to mounting a _ heavier 
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Infantry Howitzer Carriage 























THE ARTILLERY 





























AMMUNITION PROBLEM 


varying in weight from 31 pounds for both wheels to 80 pounds for the The program of development contemplates that each caliber of ficld 
howitzer proper. gun will be mounted for experimcntal purposes on both a wheeled and 
As this howitzer is a somewhat violent compromise between the 37 a caterpillar mount. In accordance with this policy, wheeled carriages 
mm, and the 3-inch Stokes, a 1.8-inch howitzer has been built which is have also been built for mounting a similar 105-mm, howitzer This 
mounted on the same carriage as the 2.24-inch howitzer. Using the carriage is of the split-trail type, and permits elevation from zero to 80 
1.8-inch howitzer, either a 3-pound or 6-pound projectile may be used, degrees, and 30 degrees horizontal are of firé For the sake of inter 
the 3-pound projec tile being for use at low elevations in direct fire changeability the cater pillar and wheeled mounts are so designed that 
and the 6-pound projectile for high elevations when trench mortar the howitzer, with its recuperator and parts of the carriage above th: 
effect is desired. Due to its high ‘velocity the 1.8-inch howitzer will axle, may be used on either mount In the firing position the split 
weigh about 90 pounds, this being about the same weight as trail carriage will weigh, complete about Ti pounds which s 
the present 37-mm, gun. The 3-pound projectile will have a greater than desired, 
velocity sufficient to penetrate at from 3500 to 500 yards, as One of the split-trail carriages has been given a preliminary test at 
heavy armor as can reasonably be provided on tanks. The the Rock Island Arsenal and, after some correctior f found desirabl 
total weight with the 2.24-inch howitzer mounted is about 300 it will be sent to the Aberdeen Proving Ground for extended test Two 
pounds, ineluding the sight, and with the 1.8-inch howitzer complete howitzers and carriages of the split-trail type will be pro 
mounted, about 310 pounds. Reductien to the above weights vided so that one of them can be turned over to the servic or test a 
has necessitated very light construction, and it was thought soon as completion of preliminary proof at the Proving Ground 
desirable to build an atternate type of trail, which is of 
heavier construction and will be broken up into two loads in Cradle Casting The accompanying illustrations how a fifty-tor 
transporting. This trail, if used, will add about 32 pounds steel-cradle casting for the 16-inch O-caliber, seacoast-defe gun 
to the total weight. carriage, The left photograph sho the cradk 
In view of the inusual conditions it has after being cast, but befe heing eme d ol 
hecn necessary to meet in providing this new the sand. On the left-hand cl the tu 
eapon its ultimate success is somewhat will be seen the end of ft ma co hick : 
doubtful. On the other hand, the test will be not been removed | n ou s | 6 
ot considerable value in determining whether hich are seen d to k t ores and 
The haracteristics desired can be wis y incor molds in i t ng o | ting 
porated in one weapon or whether separate hile pouring 1 Stee rl x \ l i 
developments of the 337 mm, and the 3-inch bod in the oreg l is s | st 
Stokes Mortar will } preferred, t zr introduced ix l at s m™ | 
othe ‘ i bo S na i seal te 
10 5-mun Howite Vatérviel.—There has provide t t 
Heel delivered to the Holt Manufacturin j ! e steer au ul ne 
A pear t Stockton Calit,, it 105-mm ght photog h si u nas 
] t and a recuperator and top carriag h r x operatior te 
Tor issembly to al caterpillar dl nd s ‘ 
ount being made under contract ‘ | irg red } 
it Stockton. rhe howitzer was ! wv y d throug 
manufactured at the Watervliet e center of t isting rece R 
Arsenal, and given a preliminary the g I nie } 
test on the recuperator at the 1 or t v i ng f g i 
Rock Island Arsenal before ship 0 d ne he left-hand end o 
ng it to the Holt Company for t casting The twe \ le 
further firing on the caterpillar ist integral, seer the pper 
nount itself, ind lower right-hand end et 
This howitzer is the one being The New 105-mm. Howitzer ecoil mechani Two nila 
made under the development pro nders a als wated on the 
gram as a companion piece to the new 75-mm., field gun, and the howitzer is opposite side of the casting. The eylind il recesses between tl recoi 
nterchangeable on the mount with the gun. The weight of the howit cylinders receive the hydro-pneumatic mechanisms hicl eturn th 
zer is about 1,270 pounds, which is 330 pounds greater than that of gun to the firing position The over-all lengt! this large isting is 
the gun, but this difference in weight is not sufficient to affect inter approximately 1545 feet, and the height of th isting, measured from 
changeability. ; the end of one trunnion to the other, is 9! eet 
A recuperator of the St. Chamond type is used, giving a recoil of 45 Commercial foundries capab'e of producing stee castings of this 
inches at zero elevation, decreasing to 330 inches at the maximum el size are few and far between, and commercial machine shops equipped 
vation of 80 degrees. It is expected that a maximum range of 12,000 to finish single pieces of this size to the high degree of accuracy required 
yards can be obtained at an elevation of approximate'y 45 degrees are even scarcer, Consideration of these facts explains the great length 


using a 33-pound projectile, 


of time required to produce heavy ordnance 
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German Long-Runge Gun.—The following table shows the daily fall peated four times before reaching the maximum In spite of the fact 
of shells from which the deduction as to the number of guns used in th that the pressure reached in this second test was within 5,000 pounds 
Paris bembardment was developed, in the article in the last issue of this per square inch of the first one, no additional permanent set was 
publication, by Ma K. F. Adamson, Ordnance Depart on the obtained for, when all pressure was removed, the tube returned to 
German long-range gun the size it was before starting the test. 

The measurements given are for one section near the middle of th 


DAILY FALL OF SHELL IN PARIS BOMBARDMENT forging. Check readings were taken but are not given in the tables 











Percent TABLE I 
In Out of Total of Percent of Hits , : 
1918 Paris Paris Total Group of Hits of Group Measu ements of External Diameters in inches of Auto-fretted Forg 
pe = — ——E sng for Different Hydraulic Bore Pressures. 
March 23 Ss 3 eI #0 
2 13 9 22 ‘6 Lbs. pet External diam. Lbs. per External 
68 sq. in. of to sq. in of f 
25 4 2 6 ce a 11.7! 50,000 
29 1 3 4 53 ou 0 11.794 52,000 _ 7 
- 0 11.795 54.000 ¥ 
March 30 18 3 21 87 5.000 11.797 56.000 
31 3 0 3 5.000 11.7965 58.000 
i ‘ on 5,000 11.7965 58.000 
April 1 4 1 4 ‘ 10,000 11.7985 58,000 
~ : ; : 15,000 11.7985 5,000 
3 ’ - - - 
4 20,000 11.7995 5,000 
6 - t 6 1) 22 000 11.8005 5,000 
: 0 1 l 40 ; 24,000 11.801 60,000 
mes ee <a o = r 7 ieee — 26,000 11L.80175 62,000 s 
April + 4 1 6 77 28.000 11.802 62,000 11.839 
13 8 ° PS 30,000 11.8025 62,000 11.838 
3 ) ~ 29 > oan 
3 1 ri 82.000 11.803 0 11.8285 
4 2 ° 5 34,000 11.804 0 11.8275 
16 2 1 3 3 5,000 11.805 0 11.827 
19 1 2 2 63 38,000 11.805 64,900 11.861 
21 2 0 2 £0,000 11.80625 64,900 11.860 
24 0 1 1 42,000____ 11.807 64,900* _.11.859 
25 6 4 10 44,000 11.8085 0 11.8435 
26 1 0 1 16,000 11.80925 0 11.8425 
30 0 3 3 5A 20 £8,000 _ 11.811 0 11.841 
May 1 0 l 1 Check readings omitted because of rapid flow of metal 
Mav 27 7 7 14 —_ Three measurements were taken for each pressure at points 60 
. oe 
28 6 4 ~ degrees apart on each section, but only a few of the complete series 
99 ) ) 
20 1 5 q 1] are given above because of limited space 
31 l 3 t an . 
a 0 { { 7 TABLE II 
3 0 6 6 hd Diameter of bore at several points along bore by star gauge in inches 
ie i n 0 1 betore and after application of internal hydraulic pressure. 
7 3 1 4 S7 
Ss l 2 3 
R 1 3 4 71 ==: tote i 
0 2 2 t be =.n == =o == 
ll 0 1 l a = = 
July 15 9 l 10 e 
16 } 0 + 34 . 
August 5 13 4 17 0 3 
6 12 7 19 ° 2 
7 s / 12 oo) ms 
8 1 $ 5 _ ee a to pemiaepennaeiibinn 
9 2 10 12 65 18 
—_ — — pegs pies : 8.5 6.4005 6.4175 6.436 6.4385 
Total 1S3 120 303 2X0 60 “a . 
43 5.79975 5.818 5.857 RSE 
: 87 5.79975 5.827 5.893 RY 
WATERTOWN ARSENAL NOTES 129 5.7997 5.8265 590 9.89 
Auto-Firettage.—Those readers of ARMY ORDNANCE who have been aS] sokcbotebodes sontain | - 
reading the articles on Auto-Frettage will be interested in the accom TABLE ll 
panying tables which give extracts from the official data that was ABLE 
obtained while auto fretting the 155 mm. howitzer, Model 1921 Record of external measurements on auto-fretted forging applied 
The tremendous pressures required for this work were furnished hy one (1) month after auto-fretting, per Table One (1) Measurement 


the million-pound Emery Machine at the Watertown Arsenal. The taken at same point as in Tab'e One (1) 


actual process of auto-fretting was accomplished by forcing a plunger 





into the gun tube which was filled with water. This water was re reer ee 
tained by means of cup packings that were properly backed up, on Lbs. per Diameter Lbs eg Diameter 
one end, by a solid steel plug and, on the other, by a hollow steel one Pe: toes inches a inches 
through which the plunger travelled. As this advanced it displaced = ee ——SS eg 
the water which in turn caused the dilation of the tube. The pres FO 11.845 40.000 11.8545 
sure that was required on the plunger to produce the desired dilatation 10.000 11.8455 59000 11.8515 
was found to be 815,000 pounds, which is the equivalent of 64,909 20.1 11.848 20.00 11.8483 
pounds per square inch, 0 O00 11.850 10.000 11.846 

At seven different sections along the forgings external measurements 10.00 11.853 OO 11.844: 

taken in three places around the circumference in order to detect en On 11.856 ( 11.8435 

any elliptic distortion. The apparent difference in diameters for any 60.04 11.860 11.84 
on et of readings is not due to such distortion, however, but is me 4 11.857 
due to the fact that the bands which were turned on the tube for 
measuring purposes were given their final finish by hand filing. Tl Four Days Late 
introduced the personal element and destroyed the exact circular cor Se 
to It each irement is compared with its succeeding one ir Experimental Packing.— The packing used in the recuperator tl 
the sar locatior o “difficulty will be found in following the trend 155-mm. Schneider Howitzer consists of two rubber rings of certaiz 
of dilatation. specified qualities One of these ring whiel designated as de 

In accordance with instructior from the Ordnance Office the tube matine,” is in contact with the moving irt ind this dermatine ring 
was subjected a second time to internal pressure but only to a magn is backed up by the larger rubber ring, which, being held under com 
tude of 60,000 pounds per squ inch on the plunger. This test pression by Belleville springs, holds the dermatine ring in intimate 
differed from the first one in that the pressure was not advanced by contact with the sliding part. 

ssive steps directly to the maximum but was increased by degrees Experience with this packing has shown that it deteriorates rapidl; 

to ; ertain predetermined pressure and then returned by the same and is very difficult to keep in good condition When left standing 
nu of successive steps te the starting point. This cycle was re for an appreciable length of time under pressure, the dermatine ring 









































Fire Control 


very naturally seizes to the metal, and when these parts then move in 
recoil, the packing is badly injured. The elasticity of the parts back 
of the dermatine apparently compensate to a considerable degree for 
this abrasion of the dermatine, and the packing holds pressure fair) 


well 

As the 
Department has been conducting experiments with a view to replacing 
the cde leather. A these 
leather rings have been made and substituted, and shop and firing tests 
at Rock the first test 


filled with a prescribed mixture of glycerine and water, and 


even though in poor shape. 


continual replacement becomes necessary, however, Ordnance 


rmatine ring with a ring of chrome number of 


conducted Island Arsenal. In making the cylin 
de rs were 
it was found that apparently the lubrication received from this mixture 
was not enough to prevent abrasion and tearing of the leather, althoug! 
then filled 


results 


the metal parts were highly polished. The cylinders were 


with hydroline, which is a very light oil, and somewhat similar 


obtained. 


were recoil o 


being 


packing was found to function quite well. 


The cylinders were next filled with a heavy 


carefully lubricated before assembly, and in this case the leather 


This test, however, is by no means conclusive, for it must yet be 
determined whether it is possible to use an oil in the mechanism in 
place of the glycerine and water, It must be understood that the com 
plete designs and specifications for this matériel having been received 


the war, it is make 


conclusively shown that such changes lead to 


French 
until it 


from the during impracticable to any 


can be 


changes 


improvement, The practice prescribed by the French was undoubtedly 





‘ived at after extended experiment, and before either confirming or 
rejecting this practice, extended proving ground and field tests will be 


necessary, 


THE FRANKFORD ARSENAL MUSEUM 


In accordance with the general policy of the Ordnance Department 


there has recently been established at Frankford Arsenal an Engineer 
ing ( ection of Fire Control Instruments, as well as such items of 
small arms ammunition and artillery ammunition as was. availabl 
The lection is housed in the old stock department building and 
occupies both floors of the main part of the structure, leaving room 
for expansion, if necessary, to the wings. 

rhe collection, at present, is made up largely of fire contro! instru 





ments, since the variety of matériel of this class available from the 
general reserve at the arsenal is far in excess of that of the other 
tems manufactured at the arsenal. It is hoped, eventually, to obtain 
ma more exhibits of smal arms and artillery ammunition and 
fus that the collection will be complete 

There are at present in the Museum some 1,200 separate items of 
fire control matériel, About forty per cent of thes s ere 
lected om various storehouses at tl arsenal I iding s 
the « est experimental types of range finders, ¢ sight juadra 
et le oped in this country or purchased abroad tes our 
Se} This part of the collection is interesting chiefly fron i_ his 
to ati ndpoint since most ot the ms t T 

the service, or have heen made obsolete by ater deve 

©) the remaining sixty per cent ibe ‘ ent) ‘ ‘ 
instruments captured during the wat ind tl ba s 
by our troops in Europe It is evident from a casual] inspectior 
the captured items that the enemy took unusual care t nsure that as 
few possible of his fire control instruments fell into the hands of 
t! i and that sucl as were captured should ont I little ot 
value in the way of new design The bulk of these items consists o 
g ghts manufactured previous to tl war, with itures 
‘ han historical nterest There ire however ang 





Instrument Collection, Frankford 








Arsenal Museum 


finders of various lengths and some other nstruments in which nove 


These 


any pi 


ideas have been incorporated, ideas will be tested in our service 


to determine if they have articular value. As is usual with 


these 
As is to be ex 


apparatus manufactured in Germany, the design of items is well 


thought out and the class of workmanship excellent. 





pected, this is particularly the case with reference to optical systems 
in the construction of which the firms of ‘iss and Goerz have long 
been preeminent Study of these designs is being made with a view 
to possible application in our service 


The Museum contains a sample of nearly every item of fire control 
equipment in current use in the service also samples of all those 
which were purchased abroad for the se of the expeditionary forces 
and which are now in reserve Since few instruments of domestic 
manufacture ever reached the front, practically all of those used by 
the A. E. F. were procured from the French or British, The Museum 
is, therefore, quite complete in regard to samples of French and British 
matériel 

A special room in the Museum has been set aside for anti-aircraft 
instruments and the collection is complete in regard to those used by 


the 

wartare, 
the 

the 


allies Since the French were 


the 

this 
that 
manufacture, 


during war. the pioneers in 
the 


entirely of 


and the allies 


French, 


branch of system 


this 


in use by all of was 


developed by apparatus is French 


with exception of a few experimental items obtained 


from the British after the armistice 
The Germans seemed to be particularly careful that little of their 
anti-aircraft fire control fell into the allied hands, hence the Museum 


possesses only an odd instrument or so, from which it is possible to 





get merely a fragmentary idea of the system they used. It might be 
stated, however, that from other sources of information, it has been 
quite well determined what were the r apparatus. 

The influence of trench warfare on f observation instru 
ments is very evident from a casual inspection of the collection. The 
necessity for protecting an observer working in advanced trenches 
made imperative the application of the periscopic feature to sucl 
instruments as the alidade, the azimuth instrument, and the observa 
tion telescope, and the development of a cheap type of hand periscope 


which could be issued to front line troops Many 


examples of this 





class of trench matér will be found in the collection Captured in 
struments of this type are numerous, as is to be expected, due to the 
fact that they were used in idvanced trenches which often had 
to be abandoned eaving the equip! » its it 

The « oging of the collecti not yet ol ete, due to t 
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ORDNANCE ENGINEERING SCHOOLS 


Too much cannot be writtcn about, or commented upon, the book 
written by General Crozier, “Ordnance and the World War,” and, no 
doubt, it will take years to make the Public believe that General Crozier 
has been, and is being, unjustly condemned and criticised. 

We all know that our Government was not prepared for extensive 
warfare in 1916, and we also know that the men in control of the 
military affairs at that time will not assume the responsibility for not 
being prepared. General Hagood states, on page 67 of the September 
October ARMY ORDNANCE, that ‘In all its history the United States has 
never yet made a correct estimate of the military situation until it 


vas actually engaged in war, or usually until the war was half over.’ 





This applies to the manufacture of ordnance material as 
The question is, ‘‘What are we going to do about it?” 


No doubt, in organizing A. O. A. a great deal of valuable work 





being done, and will be done in years to come, to help convinces 
Congress and make the public believe that preparedness is necessary to 


iphold the peace of the world. 


The officers and the management of the A. O. A, are men of sucl 





gh standing in the manufacturing and business world, and the ex 
perience and assistance in the last war was so vast, that they may ha 

e with Congress to provide funds for preparedness than 

the ‘s have had in the past. All of the wonderful writings 


1] 


lected and submitted by ARMY ORDNANCE in the future 





bring about the best of results, but there is one item 





that is “Actua training of engineers for ordnance 


inufacture in case of any future wars 
It is with this in mind that a suggestion is submitted, and it is that 
fll government arsenals and engineering schools should be established 


here men could be trained in the management and production methods 

all ordnance material. This should not be for only a few months’ 
ourse, but for years of steady study in engineering, designing, pro 
duction, and shop management. The government should make thes 
positions as attractive as possible and pay salaries equal to, or better 
than, those paid in private manufacturing plants. All arsena!'s should 
he operated at peace-time production and all material should be manu 
factured there, so that the engineers be given the fullest opportunity 
to develop the best production methods possible. 

The writer cannot agree with what General Williams says on page 54 
if the September-October issue of ARMY ORDNANCE—“‘Orders for ord 
nance material should, as far as practicable, be placed with private 
concerns, so that the engineering staffs and workmen of these concerns 
may be skilled in the design and production of war munitions.” We 
know that the average manufacturer in peace time does not handle the 
nanufacture of ordnance material from a_ patriotic standpoint, but 
from a financial standpoint, and the general attitude of manutacturers 
s expressed in the editorial on page 84—‘Never again.” 

The average engineer and workman at these private plants do no 

liarize themselves with ordnance material in order to become ex 
perts This has been proved during the World War, as very litth 
nformation was obtainable on modern production methods of ordnan 

erial, due to private manuiacturers being rushed with work for 
Allies, and the arsenals not having a large trained force which 
d be turned over to private manufacturers for our ordnance work 
rhis result was, as we all know, considerable delay in methods of pro 
] 


management of ordnance material 


duction Inspection, and genera 
If there had been a trained corps of ordnance engineers educated at 
Government a nals, even though these engineers had returned t 


ite practice years ago, they would have had sufficient training to 


n a positi rain others more quickly in the manufacture of ord 
ince material than the new men could educate themselves. The offi 
ers in the Ordnance Department are not of sufficient number to tak« 
ire of the manufacture of ordnance material in war times, in fact, 


n most cases those mostly experienced with the manufacture of ord 
nance were sent to the front for observation purposes, and replaced by 
reserve officers not familiar th or qualified for manufacturing ord 


nance material. 


Our officers are educated at West Point in everything necessary to 
win battles and to win wars; this they have proved again in this last 
war, and the writer believes as General Charbonniers when he states 


as on page 





of the September-October, 1920, issue of ARMY OrRp- 
NANCE, that “it is impossible for one man to be trained in, and to em 
brace, everything necessary to make war. This is to say, we must 
allow the two sciences, military and technical, to specialize.” 

Well, why not let our engineers develop and manufacture our wat 
munitions, and our officers direct how to use them? The experience 
gained in the last war should teach us that we must develop more and 
more modern and mechanical ordnance material than ever before, and 
this means engineers. 

No criticism is intended against officers of the Ordnance Department 
ind those in charge of arsenals, as these men are of the highest types 
of executives, but, as stated before, they do not know themselves wher: 
they may l located in case of emergencies and when repla ad by re 
serve officers, no matter their standing in the manufacturing world, too 
much time is wasted to bring about satisfactory production results 


It should be the aim of the Army Ordnance Association to convines 


Congress that money spent in peace times for educating engineers at 
government arsenals would be money well spent, as it would be bett 

to spend millions in peace times than billions in war times, and the 
ork as no vutiined by our Army Ordnance Association would be the 
greatest success if trained engineers were on hand in case of emerg 
encies to foll the aim of this organization 


Wa. BAUMBECK 
Vembe [©6.A 


ORGANIZATION OF TWENTY-FIVE-YEAR ORDNANCE SERVIC] 
CLUB, ROCK ISLAND ARSENAL 


hu Vottoa—Patriotism and Co-operation 


More than 1,000 persons attended the banquet and progra von 


by the Twenty-five-Year Ordnance Service Club at Rock Island Arsenal 





on the evening of February 21, 1921. The unusually large attendance 
vas a source of genuine surprise to officers and members of the lub 
and covers were laid for 911 people for dinner in the cafeteria, showing 
the respect and esteem in which this organization is held by 2,600 other 
emp'oyees of this arsenal, 

The banqueters were addressed by the Commanding Officer in a 
congratulatory manner for the splendid service given by the seventy 
odd club members and also upon the success of the Works Council now 
thoroughly established at this arsenal. Following the address, the 
president of the club remarked on the splendid showing of the or 


ganization and told naratives from Colonel Flag] 





's time to the present. 
A number of amusing incidents were recounted by him during his talk 


Following the banquet the guests adjourned to the Y. M. C. A. Wel 


fare Hut on the arsenal grounds, where an elaborate program was 
given which proved highly entertaining. More than 200 persons who 
had not been seated at the banquet tables were present during 
yrogram 

The dialect selections were unusually good, and brought much ap 
plause from the audience. The classic dancing showed professional 
ibil ty, ana as encored repeat dly,. 

Probably one of the features of the evening was the minstrel Very 
few professional assemblies are found endowed with more entertaining 
power than the minstrels that were produced last evening. The okes 
vere ne the dancing and singing good, and the entire production was 


vithout a dull moment. 


All the talent presented in the program, however, was furnished by 


the employees of Rock Island Arsenal. The result is a splendid spirit 


of co-operation and good-ftellowsh p throughout the entire personne oft 
the arsenal, 


During the banquet a telegram was received from the Watervliet 
Arsenal Club, of New York, congratulating the local association on its 


progress 
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TESTING AIRCRAFT BOMBS 289 


L/ 73-mm Pack Howitzer and Caiiiage Vodel 1920 The pilot 


75-mm, pack howitzer carriages, model of 1920 (Nos, 1 and 2), have 
been recently completed at Rock Island Arsenal and shipped with 
howitzers Nos. 1 and 2 to Aberdeen Proving Ground for extended test. 
As the name indicates, the matériel is designed to be separated into 


units suitable for pack transportation 


The howitzer rests on a sleigh, which slides in Ways in the cradle 


formed by the recoil and recuperator cylinders The trunnions of the 
cradie are set well back in order to provide for maximum recoil at high 
angles of elevation, and the resulting muzz'e preponderance is, in a 


measure, oyercome by the use of spiral equilibrator spring operating to 





produce a torque in the elevating pinion shaft The model 192' 
howitzer has a sliding breech block, and the model 1920 M1 a screw 
block Both are fixed by lanyard only, there being no firing. mechanism 


provided on the carriage. 
The principal parts of the carriage are the cradle and sleigh, upper 
tra lower trail, elevating mechanism, axle and wheels 


The Reeuperator and Slhigh.—The recoil mechanism is St. Chamond 


hydro-pneumatic type, with variable recoil, and has three longitudinal 


bores: the oil reservoir and pump are on the right in rear of the air 
reservoir, the floating piston and variable recoil valve in the left. and 
the recoil piston rod in the middle The piston rod is indirectly con 


nected through the sleigh to the howitzer 


The Whee's and Axle The whee's are stee tired, wood spoke al 
tillery type, 29 inches diameter, so arranged at the hub that the hu 
box revolves on the liner, which is prevented from turning by engage 


ment with the axle. The wheel fastening consists of a spring latch and 
eo 


plunger in the hub cap engaging a button on the end of the axle arn 
Pressing on the plunger releases the latch, and the wheel with the hul 
liner may be taken off, 

The Trail. The lower section of the trai s made to fold forward or 
the upper section to reduce the length of the pack load Fach section 


is but up of flange-steel side plates, or flasks. connected at the lowe: 
end of upper trail by a flange-steel transom, at the hinge joint by th 
hinge pins, and by the spade. The lower section also has a stiffening 


transom midway its length. 


The upper trail is open to allow the howitzer to pass between the 
flasks when firing at elevations. Traverse is accomplished by sliding 
the forward end of the trail along the axle. Cast bronze axle bearings 
on the forward ends of the upper trail flasks are formed to embrace 
the axle with a section cut away, so that when the axle is turned in a 
certain position flats on the axte coincide with the openings in the 
bearings and the axle and trail may be separated, This turning ot 
the axle is accomplished by the axle lk’ver mounted in the right ax! 
bearing. The traversing hand wheel on the axle has a seat in the 
axle bearing on the trail, When the axle is assembled, revolution of 
the hand wheel forces the trail along the axle, pulling the top of the 
hand wheel to the rear traverses the carriage to the right: 2%. degrees 


traverse to right or left of the central position is secured 


Two types of trails have been manufactured for tria on having 
the openings in the axle bearings for the axle forward, and one wit! 
these openings underneath. Carriage No, 1 has the forward openings 
Another pont of difference between carriages No. 1 and No, 2 is that 
No, 2 traij is provided with folding seats The trunnion bearings 
the trail (also bronze castings) are not supplied vy h caps Instead 
hooks (trunnion locks) are mounted on the trunnions of tl erad 
which engage the projecting under surfaces of the trunnion bearings 

Ek vating Uechaniam. Elevation is accon prerstie dt oug! a pinion 
and a segment of a spur gear, called the “elevating ar The ends o 
the elevating are rest in seats in the under surface of the cradle, tl 
pitch line of the are being concentric with the trunnions The elevat 
ing hand wheels revolve the pinion meshing n this are throug! 
which the movement is transmitted to the cradl When the cradle is 
dismounted for pack the elevating are remains in the trail-elevating 
housing, being retained by embracing lugs of the housing. 

The train of elevating gears includes a Hindley worm, with shaft 
resting in ball bearings, rather an unusual combination Revolving the 
right elevating hand wheel in an anti-clock e direction operates to 


elevate the piece. 


The equilibrator springs rest in slots in the ends of the elevating 
pinion shaft, and the position of these slots is important to produce 


tension in the springs greatest at depression Therefore, when the 


elevating are is removed for any reason, it must be replaced with the 


proper assembling marks on are and pinion coinciding 


Pack Outfit.—For pack purposes, the howitzer recoil mechanism and 
carriage are divided into four pack-mule loads To disengage the 
howitzer from the sleigh, the locking lever under the breech is pulled 
to the rear. The breech is then raised until the rear lug is free from 


its seat and the howitzer moved slightly forward to disengage from the 


ball at the fo: wa:d cnd Rings for the lifting bars are provided at the 


muzzle and breech of the howitzer and on the forward ends of cradlk 


and trail. The bars may be inserted through holes in the rear end ot 
the upper trail and behind projecting hooks at the rear of crad‘ The 
s-eigh remains with the cradle in pack, as do also the cradle trunnio 
locks. The axle and wheels, sight chest and sponge form another load 
and the fo'ded trail the fourth The pack outfit necessary consists at 
prescnt of the standard pack harness, blinder, blanket, corona, aparejo 
sobrejalma and crupper and the following special pack equipment 

Each load requires a .pack frame consisting of two arches (super 
frames) hinged to two standard pack frame sides The howitzer 
retained on this pack frame by quick-action spring retainers (“Pack 
Locks”) on each super frame, Cinches are used for the cradle and 
trail loads. Ax'e adapters are required on the uper frames to hold 


the axle at the required height in which the axle s retained by i 
spring device similar to that used for the howitzer. The wheels a 


mounted on hangers which simulate the axle arms and are held on 

















75-mm. Pack H tzer 


these hangers by the spring fastenings in the hub caps Fou ifting 


bars, each of which may also be used as a hand-spike or a sponge 


staff, are part of the special pack equipme 


Weights of Pack Loads— 


No, 1 Howitzer 207 


Harness and equipment 102 

Total r00 

No, 2—-Cradle and sleigh 239) 
Harness and equipment 103 

Total 342 


‘ ‘ 
WATERY l ARSENA NOTES 

16-1) Guns l nel \ ( N . ‘ fled 
No, 4 should be rifled in tl \ t \ I : i WI 
I'v} Rifling Head used in riff g < . \ ts nt 
satisfactory 16 h Army G N g 8 i to W 
Arsenal for assembly on } r I gv} ‘ r 
517.480 pounds thout the ece 
was 57.630 pounds 

Infant How Iwo 1.8 » 2 j } howitz« 
were completed during the mont! These are ty] gu manufact 
n accordance with recommendations of tl va 


Guns converted to 3.3-inch Guns was completed and shipped to Aber 
deen Proving Ground for test The type of rifling used in this gu 
is of a continuous taper throughout its lengtl the length of rifling 
being about 170 inches with a depth of 3 at the origin witl rr 
depth about 18 inches from the muz 

The 16-inch barbette carriage, mode] 1919, is now being erected at 


Watertown Arsenal, and it is expected that the carriage will be ready 


for shop test early in April. The carriage will be complete except for 
the electrical equipmnt and electric rammer All parts of the design of 


the 16-inch barbette carriage, mode! 1919, have been completed with th 
exception of the ammunition packing trays, ammunition transport cars 


and 360-degree electrical contact and wiring 











Bombs 


Recent elements of bombs would indicate that a 


solution has been reached of a difficulty which has been causing some 
trouble. It found that the produced 
would function satisfactorily in bombs dropped on land but gave un 


tests on delay 


was delays which were being 


It was quite difficult 
could not be 


results in bombs dropped on water. 
dropped on 


satisfactory 


to locate the trouble as the bombs water 


recovered. In a recent test held by this Department at Aberdeen 
Proving Ground, which was witnessed by General Mitchell, bombs 
fused with new delays functioned very well over water, and it is fe't 
that the trouble has been overcome, Tests will be extended howeve: 
to make sure of this point. It is quite essential that the delays act 
on water as on land, as it is proposed to use our Demolition Bombs in 
the bombing maneuvers which will be held sometime this summer in 


which a battleship will be attacked. 


Frankford 
decided im- 


The new nose and tail fuses being developed by Arsenal 
These 


The booster to be used 


are progressing satisfactorily. fuses will be a 


provement over the present ones, in the ellip 
soidal one developed for artillery ammunition. There was 


this 


some ques 
detonate the 
have 
1100-pound 


tion as to whether or not booster would properly 


large amount of explosive carried by our bombs, and tests been 
held to test this out. Bombs as 
Demolition Bomb, which carry approximately 600 pounds of explosive, 


have been successfully detonated by this booster. 


recently large as the 


Orders were recently placed with Rock Island Arsenal for new 
100-pound, 300-pound, 600-pound and 1,100-pound Demolition Bombs. 
The construction of the 1,100-pound bombs is being expedited in 
order that they may be used, if needed, in the proposed bombing 


maneuvers against naval vessels. 

The design of a 2,000-pound Demolition Bomb has been completed, 
and several of these bombs are being manufactured. These bombs 
will be tested and a few of them may be used in the proposed bomb- 
ing maneuvers. 

The design of a 4,000-pound Demolition Bomb is just being com 
the drafting room. It is proposed to construct a few of 
and test them. It is doubtful whether any of them can be 
completed in time for them to be used in the proposed bombing 
maneuver, but if any can be completed, it is probable some of them 


pleted in 


these 


might be used in this test. 

The past month has been an extremely active one, and one quite 
similar to war-time days when everybody worked overtime. This 
strenuous time is still continuing, as it is not proposed to have the 


Ordnance Department behind in furnishing the material required for 
the bombing maneuvers against naval vessels planned by the air Service. 

The 8-ounce incendiary bombs have been completed and shipped to 
Edgewood Arsenal where they are being loaded. In this 
it is interesting to note that during a recent static test on Demolition 
Bombs, that a very serious fire started at Aberdeen Proving 
Ground which might have caused considerable damage had not a 
thunderstorm come up and the rain put out the fire. There are 
differences of opinion as to the necessity for Incendiary Bombs. There 
is this much that can be said for explosive bombs, that they always 
do some damage, and if conditions are satisfactory, they are good 
incendiary agents themselves. 

A 1,100-pound armor piercing bomb is under development. Several 
of these have been manufactured and are awaiting test at Aberdeen 
Proving Ground. These bombs have been made up by converting the 
12-inch deck piercing shell. 

As it is proposed to use some of the British 1,600-pound bombs 
which were shipped from abroad to this country, in the bombing 
maneuvers, twenty dummy bombs were made up by Frankford Arsenal 
to be used in practice. Great due Frankford 
getting twenty of these bombs out in one month. The 
made of a thin steel casing filled with concrete. 

The first series of mode] bombs for wind tunnel testing have been 
compieted and turned over to the Bureau of Standards for test. These 


connection, 


was 


credit is Arsenal for 


bombs were 
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models were designed by Captain Short. The bombs are made up of 
three sections, a nose ogive, a body section and a tail ogive. These 
aye bolted together and it is possible to change the nose and tail ogives 
and the body section. By the wind tunnel test, it is expected that 
the effects of varying the nose and tail ogives and the center sections 
will be found, and can be used in the future design of bombs. On 
these models, fins are detachable and various forms of fins are to be 
assembled to different models to try out the effect of each, It is 
expected in these tests to find out the best form of fin for use with bombs. 
So far this spring, it has not been possible to get any ballistic films 


at Aberdeen and the question is now being seriously considered of 
transferring this activity to some locality where this ballistic work 
can be taken care of to better advantage. Winter interferes with 
this work at Aberdeen, no reflections being obtained over ice and the 
crosses in the water are always taken out with the ice and have to be 
replaced, It is quite probable that the activity will have to be located 
some place further south 
Bomb Sights 

The tests of the Mark IA Sight and the Navy Mark IITA Sight have 
been practically completed. It will be remembered that the Mark IA 
Sight is a copy of the English Wimperis Drift Sight, and the Navy 
Mark IIIA Sight is a copy of the Wimperis Course Setting Sight The 
tests have been sufficiently conclusive to demonstrate that the Navy 
Mark IIIA Sight is better for bombing than the Mark IA. This De 


partment is procuring a certain number of these sights from the Navy 


to be used by our service as required. These sights will be used in 
the bombing maneuvers. Captain Loring has designed a new height 
scale to be used with the Navy Mark III Sight, which is a low alti- 
tude sight, so that the sight can be used up to about 8,000 ft. About 


half of the sights procured from the Navy will be equipped with this 
new height bar. 


this 
bombs 


been given by members of Division at Langley 
officers at that 


representatives conferred 


Lectures have 
Field station on and 
These officers of the Air 


garding the equipment to be used by the Air Service in their bombing 


before the bomb 


with Service re- 


maneuvers. 


Bomb Racks 


In view of the fact that the Air Service proposes to use the British 


1,600-pound bomb in their bombing maneuvers, an order has been 
placed with Rock Island Arsenal for the construction of a few bomb 
racks for these bombs. These bomb racks will probably also be used 


in carrying the new 2,000-pound Demolition Bomb. Some of the new 


bomb racks which have been designed to replace the old Mark V 
release mechanisms will be used in the bombing maneuver, and the 
duty to which they will be subjected should give them a very good 


service test. Some of these racks are now in use at Aberdeen Prov- 


ing Ground, and appear to be very satisfactory. 


Browning Aircraft Machine Gun 

The ground test of the new .50 caliber aircraft machine gun has 
been practically completed. This gun in ground tests has been fired 
over 10,000 rounds with only one mal-function. The cause of this 
mal-function has been corrected. As part of the test the gun was 
given a freezing test at the Bureau of Standards. For this test the 
Bureau of Standards developed an oil for the buffer which when used 
enabled the gun to be fired at minus 20 degrees Fah. It is believed 
that the gun would have fired at lower temperatures had it been 
possible to reduce the temperatures in the freezing chamber further, 
but minus 20 degrees was the lowest that could be obtained. The 
tests to date indicate that the gun is an extremely satisfactory weapon. 
Mr. Browning and the Colt congratulated on 
the splendid work which they have accomplished. 

Captain Gorton has developed a means by which the new aircraft 
machine guns being designed can be equipped so that with only slight 
changes they can be fed from the right hand side, in other words, the 

(Continued on Page 295) 
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SHOT GUN 
SHELL 


At Cost, Steel Lined, Paper and Brass 







12 Gauge 


3: drams Smokeless Powder, 14 ounces No. 00 Buck Shot 


HESE shells will be sold only to bona-fide users, and 
are not subject to resale. 


PAPER SHELLS BRASS SHELLS 
$31.50 per M. $50.00 per M. 


Orders may be sent direct to the Commanding Officer at the Depot or Arsenal 
at which the shells are located as shown. 

Payments and shipping instructions should be sent with order. Payments 
are to be in the form of certified checks, money order, or bank draft, made pay- 
able to the ‘‘Commanding Officer’’ of the Arsenal or Depot from which ordered. 


Location of Shells 


Co'umbus Gen, Reserve Depot, Columbus, Paper, Steel Lined 1.000 Remington 
Ohio. 

Morgan Ord. Reserve Depot, So. Amboy Paper, Steel Lined 338,200 Remington 

Morgan Ord. Reserve Depot, So. Amboy Brass 67,048 Remington 
N. J. 

Morgan Ord. Reserve Depot, So. Amboy Brass 12,628 Winchester 
N. J. 

Raritan Ord, Reserve Depot, Raritan Ar Paper, Steel Lined 244,000 Winchester 
senal, N. J. 

Raritan Ord. Reserve Depot, Raritan Ar Paper, Steel Lined 134,000 Remington 
senal, N. J. 

Schenectady Gen. Reserve Depot, Sche Paper, Stee] Lined_. 786,538 Remington 
nectady, N. Y. 

Seven Pines Ord, Reserve Depot, Seven Paper, Steel Lined 15,000 
Pines, Richmond, Va. 

Sparta Ord. Reserve Depot, Sparta, Wis. Paper, Steel Lined 14,500 

Wingate Ord. Reserve Depot Wingate, Paper, Steel Lined 12.975 
N. Mex. 

Woodbury Ord. Reserve Depot, Westville, Paper, Steel Lined_~- 14,975 
N. J. 
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300 Horsepowe 


Complete for Immediate 














HE Philadelphia District Ordnance Salvage Board offers for sale by negotiation, 
Heating Plant No. 2, loeated at the Morgan General Ordnance Depot, South 
Amboy, New Jersey. 


This material comprises practically a complete heating plant and is ready for im- 
mediate delivery. This plant is offered for sale ‘‘as is,’’ ‘‘where is,’” removal to be 
made by the purchaser. 


THE ITEMS OF SALE ARE NOT COMPLICATED 











An inspection of the plant can be made by applying to the Commanding Officer, 
Morgan General Ordnance Depot. 
Further particulars regarding this plant can be obtained from the 
Commanding Officer, Morgan General Ordnance Depot 
South Amboy, N. J. 
or 
Chairman, Philadelphia District Ordnance Salvage Board 
1710 Market Street, Philadelphia, Pa. ¥ 
Negotiations are to be conducted through the Philadelphia District Ordnance 
Salvage Board 
WAR DEPARTMENT 
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“Ovrduance Salvage Board” 
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SPECIFICATIONS 


500 H. P., consisting of two 250 H. P. Geary water-tube boilers of 244 tubes. Work- 


ing pressure, 160 Ibs., connected with 8-inch mud drums. 


Heating Surface, 5,000 sq. ft. Grate, 7 ft. by 14 ft. by 6 ft. Area, 121% sq. ft. 


One Steel Stack and Breeching, 6 ft. 6 in dia. by 125 ft. igh. 
Two No. 14 Model N Injectors (Metropolitan). Capacity with 8 Ibs. steam, 2 ft.; life, 


2,850 gal. per hour; basis, 330 Ibs. steam evap. per H. P. hour—400-500 H. P. ordinary 


l-inech Everlasting blow-off valves. 125-lb. Jenkins Bros. 13-inch. 


* type, iron body, blow-off valves, 125-lb. Jenkins 


One 10-inch by 10-inch vertical Watertown engine. 


One Boiler feed pump (Worthington), 9 inches by 5% by 12 inches, double Duplex 


>. H. P. against 160 Ibs. with overload. 
Steam, 154; exhaust, 2 inches; suction, 5 inches; discharge, 4 inches. 


Two 500 H. P. Edee Noor Boilers, second hand. Knoeked down and damaged. With 


One Seale, platform, Fairbanks, 1,500-lbs. capaeity. 

Four 414-ineh Pipe-ilanged safety valves, faced and drilled; 160-lb. Aeme Standard. 
1500 H. P., Cochrane heater; depth, 48 inches; 
width, 56 inches; height. 87 inehes; exhaust inlet, 12 inches; cold-water inlet, 24% inches: 
water and overflow, 34% inehes; vent, 3 inches; trap discharge, 2 


1 inches lone, 1 inch wide, arranged in two rows. Shell is of east-iron. 
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_ 
Steam drums in battery, 24 inches by 11 feet. 
\ Hand-fired Aeme dumping for No. 3 Anthracite coal. 
Two Safety Valves, 44 inches—each boiler. 
One Steam Gauge, 12 inches—each boiler. 
One Water Column Combination—each boiler. 
type boiler 3300-375. 
Two 
Two 4-ineh, 60-degree angle or “Y 
Bros. 13-inch. 
One American Sirocco fan, No. 10. 
es 
outside and packed capable of feeding 1,100 B. 
One Schaeffer & Budenberg revolution counter. 
V 
necessary headers, pipe valves, ete., not complete. 
One Mason Steam Regulator. 
One Steam Trap, No. 5, Strong. 
One Cochrane Feed Water Heater 
om 
pump supply, 5 inches; 
inches; 20 trays 
Ny 


























Public Sale by 


Auction— 


Machine Tools, Equipment and Supplies 


en 
“< 
al 
a —— 


Located at the United States Army Base, Port Newark, N. J. 


Tuesday, Wednesday and Thursday, April 26, 


27, 28, 1921, at 10 A. M. Each Day 


Machine Tools 





Blowers {Grinding Wheels Thread Millers 
Crane Parts Motors Spline Millers 
Milling Machines Dynamos Yarn Reels 

Chucks Furnaces Atlas Shredders 
Grinders and Grinder Parts Reaming Machines Spencer Oilers 

Gun Boring) Lathes Metal Saws Pickers and Feeds 
Cut-off Machines Spotting Machines Barrel Reamers 
Textile Machinery Hand Milling Machines Centering Machines 
Pumps Bench Milling Machines Stamping Presses 
Presses Riveters Barrel Grinders 
Slogging Saws Cutter Grinders Horizontal Dril's 
Tanks Profilers Wood-Working Tools 


Polishing Jacks 


Miscellaneous Supplies 





High-Speed Steel Rods and Scrap Hangers Shafting 
High-Speed Tools Milling Cutters Paint and Oils 

Pillow and Snatch Blocks Reamers Pulleys 

Small Tools Lathe Parts Taps 

Copper Pipe Fittings Electric Supplies 

Sars and Scrap Fuses Steam-Shovel Parts 
Brass Gaskets Electrical Equipment, ete 


Gauges 
Descriptive Catalogues Mailed Upon Application to the 


Philadelphia District Ordnance Salvage Board 
1710 Market Street, Philadelphia, Pa. 
or 
Samuel T. Freeman & Company, Auctioneers 
1519-21 Chestnut Street, Philadelphia, Pa. 



















DEPARTMENT 


“Ordnance Salvage Board” 
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REQUEST FOR HISTORICAL DATA y Ay 


cush 
/ a 
Allerton S. Cushman 
A. M., Ph. D. 
x-Lt. Col Ord., U.S. A.) 
In charge of chemical activities and explosive dry houses, 
Frankford Arsenal, 1917-1918 
Consulting Chemical Engineer and Metallurgist 
In charge Industrial Research Laboratories 

Reports on metallurgy, coal, petroleum, explosives, dycs, 

I I I . 

foods, drugs, etc. 


1845 B Street, N. W. Washington, D.C. 


James A. Drain Dale D. Drain 


DRAIN & DRAIN 


Attorneys at Law 


Wilkins Building, 1512 H Street 


Washington, D. C. 


Rogers Birnie Wilford J. Hawkins John H. Watson 


Birnie, Hawkins & Watson 


Ordnance and Industrial Consulting 
Engineers and Accountants 


511 Fifth Avenue New York 


QO) 


(Continued from Page 


guns can be fired either right or left hand and be interchangeable in 
right and left hand mountings with only a slight change in the 
mechanism each time the shift is made. It is proposed to supply the 


parts with each gun so that the guns can be mounted either 


necessary 
features will be taken up in th 


right or left hand, as desired. These 
model 1919 gun, probably in the .50 caliber, and in the new .30 caliber 
aircraft machine gun, which it is proposed to develop. 


Request for Historical Data 


The Engineering Department of The National 
history of the rather 


Acme Company at 
Windsor, Vt., is engaged in writing a complete 
surprising mechanical developments of this country town during the 
last hundred years. 

One of the most famous concerns which existed there was the Robbins 
& Lawrence Company (1848-1858), Armorers and Machine Too] Build 
This concern built thousands of muskets and rifles for the United 
and developed the interchangeab 
the Wind 


ers, 
States and foreign governments, 
Enfield Rifle. The British Small Arms Commission visited 
sor Armory in 1853, and ordered there the greater part of the machin 
ery for the new Royal Armory at Enfield, England. Maj. Alfred Mor 
decai, of the U. S. Ordnance Department, reported after his visit t 
England in 1856 that ‘* ° * the names of ‘Ames’ of Chicopee, 
Mass., and ‘Robbins & Lawrence’ of Windsor, Vt., are accordingly to 
be read on most of the machines at Enfield Armory, and are con 
structed in a style highly creditable to the skill of our workmen.” 
Robbins & Lawrence perfected the 20-shot Jennings rifle (the an 
cestor of the Winchester), in 1850, and there were invented at their 
plant the Howe Miller (now called the “Lincoln” Miller) and the Tur 
They also built the famous Sharps Breech Loading Rifle at 
Hartford, Conn. During the Civil War the Windsor 
50,000 


ret Lathe. 
their plant in 
Armory, under Lamson, Goodnow & Yale, turned out nearly 
rifled muskets, 1,000 Palmer Breech Loading Carbines, and 1,000 Ball 
Repeating Carbines for the U. S. Government, besides a great number 
of machines for other armories. 

Numerous well-known concerns of the present day have directly 
descended from the Windsor Armory, among these being The Jones & 
Lamson Machine Company, The National Acme Company, The Sullivan 
Machinery Company, and The Billings & Spencer Company; and all 
this goes to prove what an important part the old-time contract gun 
shops have played in the mechanical development of the United States. 

As it is rather hard to gather all the facts from the dim past, the 
writer feels that he is overlooking important information in conne 
tion with this work which may be known to some of the readers of 
ARMY ORDNANCE. He will therefore welcome such information or sug 
gestions, and will give credit for anything which proves to be of value 
to the work.—Guy Hubbard, The National Aeme Co., Windsor, Vt. 
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UNITED STATES SHIPPING BOARD 
EMERGENCY FLEET CORPORATION 


OFFERS FOR SALE 
STEEL AND WOOD 
SHIPS 


AND WOOD HULLS 


Bids will be received on a private competitive basis in ae- 
cordance with the Merchant and Marine Act at the office 
of the United States Shipping Board, 1319 F Street, N. W., 
Washington, D. C. 

The ships offered for sale include steel vessels and wooden 
steamers. 

The steel steamers are both oil and coal burners. The 
Board has established a minimum price on these vessels. 

Terms on Steel Steamers. 

Ten per cent of the purchase price in cash upon delivery 
ot the vessel; 5 per cent in 6 months thereafter; 5 per cent 
in 12 months thereafter; 5 per cent in 18 months thereafter ; 
) per cent in 24 months thereafter; balance 70 per cent 
in equal semi-annual installments over a period of ten 
vears; deferred payments to carry interest at the rate of 5 
per cent per annum. 

The two hundred and eighty-five wooden steamers for 
sale are of ten different types, as follows: Nine Daugherty; 
seventeen Ballin; ten Peninsula; six Pacific American Fish- 
eries; one Allen; one Lake and Ocean Navigation Com- 
pany; thirteen McClelland; one hundred and eighty-six 
Ferris; thirty-one Hough; eleven Grays Harbor. Also 
have a number of wooden hulls of various types. 

Terms On Wooden Steamers. 

Ten per cent cash on delivery. Balance in equal semi- 
annual installments over a period of three vears. 

Bids may be submitted for one or more vessels or for any 
combination of above vessels, and must be accompanied by 
certified check made payable to the United States Shipping 
Board for 24% per cent of amount of the bid. 


Further information may be obtained by request 
sent to the Ship Sales Division, 1319 ‘'F Street 
N. W., Washington, D. C. 

The Board reserves the right to reject any and 
all bids. 

Bids should be addressed to the UNITED 
STATES SHIPPING BOARD, WASHINGTON. 
D. C.. and indorsed “BID FOR STEAMSHIP 
(Name of Ship).” 


Ship and Sail Under American Flag. 
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The United States Ordnance 


| Company 


719 Fifteenth Street, Northwest 
Washington, mam <. 


Standard Breech Mechanisms for Military 
and Naval Service 











Hotchkiss Semi-Automatic and Machine Guns 
Standard W-C and W-L Fuses 


Titan Single Unit Pneumatic Hammer 


Youngstown, 











Philadelphia, Pittsburg, ~Altoona, Trenton, 
New York, Springfield, Hartford, 
Worcester, Washington, 


Cleveland, Erie. 











HIGH EXPLOSIVES CHEMICALS 
BLASTING POWDER LEATHER CLOTH 
BLASTING SUPPLIES LACQUERS 
NITRATE OF AMMONIA 


ATLAS POWDER COMPANY 


140 North Broad Street Philadelphia, Pa. 




















INDUSTRIAL ENGINEERING 
CORPORATION 


214 Devonshire St. 
Boston, Mass. 


F. A. Hayes Thomas F. Brown 
President Treasurer 


Architects and Industrial Engineers 


Manufacturing Plants and Buildings 
designed 





Management Problems and Reorganization 


Appraisals 











Systems for Economical Production 
Foundry Design and Operation a Specialty 


Fully Equipped Testing and Research 
Laboratories 





) 











LEAKLESS SEAMLESS STEEL GAS TANKS 





EFERRS NOPSPATES 
whose motor boat is equipped witha 


JASCO TANIC 


JANNEY-STEINMETZ & CO., PHILADELPHIA 


NEW BOOKLET Now READY 











ve 


him, 
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“HIPPO” processes SAV E 


WE ARE SPECIALISTS—Take up your Problems with us 


HIPPO” impervious PERMANENT PLIABLE OL—A RUST PROOFER 


AUTOMOBILE TREATMENT Body Primer, Chassis Oil Black, Chassis 
Primer, All Air Drying or Baking 

ELECTRICAL INSULATION Transformer and Armature Impregnation 
and all elasses of Insulation 


STRUCTURAL STEEL PROTECTION Shop Coats and Field Coats, Steel Tankage, 


Bridge Protection 





OTHER STANDARDIZED P. P. OIL MODIFICATIONS 


“HIPPO” C. L. 6 No. 55 PRIMER____- _.For Metal Priming 

eg gl gy ee For Acid Resisting 

“HIPPO” WATERPROOF FILLERS ___----For Fabries and Masonry 
EEE «MAI sirciniictnnitemnipmncccnncainaiedl For Food Tins and All Purposes 
“HIPPO” MOLDING COMPOUND---------- For General Purposes 
“HIPPO” FLOOR HARDENER --_---------- For Concrete Floors 

. <i < .  SoERSEEE eee ee For Interior and Exterior 
le EE For Conerete Storage Tanks 


American Chemical Manufacturing Corp. 


MAIN OFFICE AND LABORATORIES: KENILWORTH, N. J. 
MAIL ADDRESS: CRANFORD, N. J. 
NEW YORK OFFICE: 347 MADISON AVENUE 
SYDNEY, AUSTRALIA KOBE, JAPAN 


B. & S. H. THOMPSON & CO., LIMITED 
CANADIAN REPRESENTATIVES 
MONTREAL TORONTO WINNIPEG NEW GLASGOW VANCOUVER 
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» 
381%4-4 Tons 5 -516 Tons 


HURLBURT 


A Conservative Truck 


The Hurlburt Truck is made in 4 sizes: 
114-2 Tons 1, 3 Tons 


Sturdy, overpowered, and flexible— 
a pioneer in the worm-drive field and 
proved by nearly a decade of use—the 
Hurlburt Truck ean be depended upon 
to furnish transportation of a better 
sort, at a lower cost, under every con- 
dition of load and traffic. 

America’s first Railway Mounts were 


made in our plant. 


HARRISBURG MANUFACTURING & BOILER‘CO. 
HARRISBURG, PA. 

















Has Your Assembly 
Excessive Weight ? 


IMT 


TUNITY 


If so, you would do well in 
acquainting yourselves with 
BOSSERT SHEET METAL 
STAMPINGS. 

When the first automobiles 
were made they were found 
to carry excessive weight due 
to the use of heavy forgings 
and castings, causing unus- 
ually high operating expenses. 
The automotive engineers 


knew that if they were to 
place the automobile into the hands of the general public 


they must find means of reducing the cost and operating 
expenses. Whereby they adopted the use of SHEET 
METAL STAMPINGS which not only lightened their as- 
sembly but enabled them to 
manufacture and operate the car 
more economically. 

Although we specialize on au- 
tomobile stampings we have 
the equipment to manufacture 
stampings of other lines. Send 
in your drawings and we will 
gladly redesign them for pressed 
metal without any obligations to 
you. 





i) 
HiT 


HNVHNNHINNY 





Main Office: 
The Bossert Corporation 
Utica, N. Y. 
Branch Offices: 


30 Church St. 812 Fidelity Mortgage Bldg. 
New York City Cleveland, O. 


1513 Ford Bldg. 
Detroit, Mich. 








(¢ 


VALUATIONS and REPORTS 


The necessity for comprehensive and 
accurate Valuations and Reports was never 








greater than it is today. 

ford, Bacon & Davis Service is 
invaluable to you, in that it places at your 
disposal a large highly trained organiza- 
tion of specialists to correctly answer all 
questions pertaining to Values, Finance, 
Operation, and Design of Industrial, Mer- 
cantile, Shipping and Public Utility 
enterprises. 


For information and rates address: 


Ford, Bacon & Davis 


Engineers 


115 BROADWAY 
NEW YORK 




































Better 
Painting 
at 


r F CSS 
Cost 






Portable 











ae . 
Painting 
Equipment 
makes possible painti I 
interiors and exteriors, railroad, 
ship, and al! other stat work 
4or 5 times faster tl i. ws} 
brushing. } 
thoroughly 1g more even a . rr . pa : . 
are applied, t > required. Ihe outfit is easy to han and t e shout Fe 


operate and keep up 


More definite information y mailed to you 


The DeVilbiss Mfg. Co., 3749 Peis Avenue 


Manufacturers also of Aeron System Spray-finishing Equipment for every class of industria 


finishing, room work 














CHRISTIE TRACTORS 


Strength of a Tractor 


Speed of a Truck 

















Combines the Obstacle Surmounting Ability of a Track Laying Vehicle with 
the Speed of a Motor Truck 


CLIMBS 45° GRADES 


Make 20 Miles per Hour on Good Roads 





THE FRONT DRIVE MOTOR COMPANY 
WALTER CHRISTIE, President 


Hoboken — New Jersey — United States of America 
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—AND ON THE 
BOISE PROJECT 


TWO CLASS 9 1-2 


BUCYRUS DRAGLINE EXCAVATORS 
Are Working for the U. S. 
Reclamation Service. 





*% : . S 
az » * Fis «~ 
‘ . ~ 
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. 





ON EVERY BIG GOVERNMENT JOB 


BUCYRUS EXCAVATING MACHINERY 


Has Been Considered the Standard. 


RAILROAD TYPE AND REVOLVING SHOVELS, 
DREDGES, DRAGLINE EXCAVATORS, Ete. 





BUCYRUS COMPANY, 


SOUTH MILWAUKEE, WIS. Bucyrus Class 9', Dragline Digging a Drain 




















 |REFRACTORIES 
| Hace» Kvens & Howard Fire Brick Co, «* ®:s* 


QUALITY 


Grades for All Purposes 


We Manufacture also 


Glazed Sewer Pipe and Glazed Clay Segment Sewer Blocks 


| Best of Their Kind in all the United States 











Write Us at St. Louis, Mo. 









































Motorized Combat Transpor 


rm 
DY 


LUCIEN B. MOODY 


M ber 
I am building secure and covered chariots h are invulnerable 
and when they advance with their gun into the midst of the {& even 
the largest enemy masses retreat, and behind them the foot soldiers can 
tollow n safety and without opposition —Leonardo da Vine to the 
Duke Sforza, 1492. 


HE prineiples of tactics or the handling of troops 1 
the immediate presence of the enemy have been de- 
veloped through the centuries, and change so slowly, 
that Leonardo da Vinei, if alive to-day, would have no trou- 


ble in understanding the tae- 


A.O 


Tanks must then be recognized as pure offensive arm, develop 
g and possessing powerltul means t eip the niantry in its supreme 

S}01 the attack, penetration and ipation of ground Tactics 
and Technique of Tanks, General Service Schools, Fort Leavenworth, 
1920 


to accidents or weather or terrain, and, if necessary, the ma 
terial must be designed for the exceptional case rather than 
the usual. In any other service a day or so lost, due to 
weather, is merely an inconvenience and is really an econ- 
omy, provided the vehicle 





tical function ot the moderz 
tank. This does not mean 
that military services are 
hopelessly conservative. Ii 
simply means that it re- 
quires about the same length 
ot time for a new invention 
to definitely affect militar, 
tacties that it does to estab- 
lish itself in the civilian 
community. Considerable 
apparent misunderstanding 
as to why certain things aré 
not done by magie in the 
military service would be 
avoided if it be remembered 
that human nature is not 
changed by military service. 
There are about the same 
ditticulties in edueating the 
ventor to the needs of the 
iser and the user to the pos- 
sililities of the new inven- 
tor, in finaneing, correcting 
preliminary mistakes, over- 
coming prejudices, using up 
the old material on hand, Colonel 
and finally developing re- 
ement otf details as a result of use. Most of us ¢an re- 
mber the time it took for the radio, the automobile and 
~ubway to become developed to serve our every-day needs 
About the same length of time was required for smokeless 


powder, modern field runs, submarines, ete.. to become 


really effeetive in the military service. Mechanical 


trans- 


port must also serve its apprenticeship. 


By cross-country transport is meant means of transpo) 
hich may be utilized independently of roads, and for com- 
hat transport in the military service everything is subord)- 
te to the ability to go any place a man can go iIrrespectiv: 
{ terrain or weather. In difficult commercial service, such 


s mining and logging operations, ability to function wher 


rdinarv vehicles will not function is essential, but reason- 
ble coneessions may be made to the weather and other loeai 


} 
lit 


eonditions. 


Theretore, mn judging the reasonableness ot military re 
irements, it must be borne in mind that the equipmen 


} } 


ntended for battle must not fail at the eritical moment due 


30] 





used performs more effici- 
ently or economically on 
other days than a_ vehicle 
capable ol operating on the 
occasional bad day. 
“General Capper ex- 
plained that the British 
commanders were convinced 
that in order to make a 
rapid advance the forces 
must be supplied with some 
sort of eross-country me- 
chanical transport Bape ri- 
ence had shown that an ad- 
rance was generally brought 
to a standstill owing to want 
of supplies. The importance 
of having some arrangement 
to get wheeled transport 
across country was fully 
recognized. It was thought 
that the general question of 
the supply ot eross country 
mechanical transport was 
ecloselv eonneected with the 
question of fighting. tanks. 
General Estienne had then 


+ 


rightly remarked that this 





questo! which be- 


Moody was 
onged te the artillery, bu 


that he would point out that all these questions relating to 
the earriage of infantry and earnage of munitions, sup- 


phes, ete., were close ly connected and the more uniform the 


tvpe ot velhnele obtained, the bettea t would be He vas 
convine ed thal ww armu cou ad e¢ my) fe. no army could 
en ple f success, unless f was pace npdependent fr yoddas, 
(Extract from minutes of meeting of June 5, 1918, Inter- 
Alhed Tank Committee. 

As the result of the perteetion ot self-propelled motor 


vehicles and the creation of the cereal faqilities tor their 
manufacture in the preceding decade, cross-country trans- 
port had begun to be effectively de veloped in the United 
States about the time the War started, and in the motoriza- 


tion of artillerv the United States has decidedly led other 


countries. even to the extent of motorizing a large per- 
centage of divisional artillerv in the midst of war over the 
active opposition of allied officers. It is not believed that 
the proposition was really sold to our allies until about the 
date « { the above quotation trom the nutes of the Inter 
Allied Tank Commuttee. 
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[t is the purpose of this article to relate briefly the efforts from the Westervelt Board report, which was approved by 
of the past and present to co-ordinate military requirements the War Department in June, 1919: 
with commercial developments, and to discuss some of the “In the opinion of the board, the four-wheel-drive, two- 
wheel-steer type of truck is the only 
heavy eargo-carrying wheeled ve- 
hiele which is adequate to meet ar- 
tillery needs in the battery, bat- ». 
talion and the regiment, as well as 
in the artillery ammunition train, 
and until definite reeommendation 








to this effeet is approved, artillery iy 
will be burdened with a heterogene- 
’ ous mass of trucks whose use is con- 
tined almost entirely to good roads.’ 
About ten vears ago various 
trucks driving on all four wheels 
bevgan to come on the commercial 
market, and various makes were 
tested to see whether they were 
equal to the horse for cross-country 
work. It was found that these 
trucks had a very considerable c¢a- 
pacity for off-the-road work, as 
well as ability to operate as ordi- 
nary trucks on good roads, and in 
the absence of other than low-speed 
tractors they were adopted in the 
artillery service as a valuable auxil- 
lary to other vehicles, and at the 
a present time are still standard truek 
Preliminary model of vehicle designed to replace the individually mounted man equipment in the artillery service. 
The following extract from report 
broader aspects of the ultimate possibilities of commercial of the Field Artillery Board, December 7, 1915, on the test 
developments that will be of real use in the military service. of several makes of four-wheel-drive trucks is an official 2s 
In other articles in this issue there are discussed the ele- statement of their limitations: 
mentary technical requirements of cross-country transport, “The ——— truck is suitable for ammunition service but 
the special military features in so 4 
far as artillery is concerned, and " ‘ 
strong arguments for prompt and 
extensive development for every- 
day use in peaceful pursuits. 
In arriving at a logical eonclu- 
sion it is necessary to trace both 
the trend of military and commer- 
cial requirements and the actual 
physical development of equipment 
to determine whether military re- 
quirements and commercial equip- 
ment are approaching or diverging. 
The first experiments in adopting 
motorization to combat uses were 
quite naturally made with the con- 
ventional rear-wheel drive trucks, 
the first official attempt with which 
the writer is familiar being a motor 
“Battery wagon” or machine shop 
mounted on a special chassis by the 
Ordnance Department in 1904 and 
tested out in connection with regi- 
ments ot horsed artillery. Many 
other experiments were made with si 
these vehicles from time to time, 
and so far as the artillerv and ord- Fully loaded 
nance were concerned always re- “- 
sulted in an adverse decision, but the most definite state- not for economical or trustworthy traction off roads. Un- 
ment of policy on the part of the War Department re- der easy conditions trucks may be used to handle light tows, 


garding two-wheel-drive trucks is the following, extracted but under what may fairly be ealled ordinary difficulties 
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they are not equal to the horse draft, and even the addition sandy steep approaches; at D are very steep banks in 
to their equipment ot winches carrying wire rope, although V-shape; at E are sand and gravel. On the other route 
this would add greatly to their power to overcome many ob- shown were considerable stretches of sand and loose eobble 
stacles, can not be expected to ob- 
viate the disastrous delays that this 


kind of draft will meet in column rt » Jee 
; , PY 
at bad tords, on steep erades or on a _ 
sott roads This fault can not be bu we ° 
} ¢ a . 
overcome by the installation of . 
more powerful engines alone be- > a 
cause failures in traction appear to » 


be due to laek of necessary frietion 
with the ground 


The Chiet of Ordnance econeur- 
red in the findings of the Field Ar- 
tillery Board as follows: 

“The conelusions of the Field Ar- 
tillery Board in regard to the use ot 
the four-wheel-drive trucks for 
tractive purposes have been noted 
ind are in agreement with the eon 
clusions reached by this office as a 
result ot tests conducted at the 
Rock Island Arsenal.” 

In due order various wheeled 
tractors of both the two-wheel- 
drive type and four-wheel-drive 
tvpe were tried, but always with 
the result that they were not felt to 





have the certainty of getting there 


essential to hauling artillery into . Climbing small embankment 
battle. 

The Army definitely became committed to the track-laying stones: at F two narrow channels about three feet deep; at 
or caterpillar tractor for artillery as a result of report ol G a washed-out bridge over a spring branch, necessitating 
the Field Artillery Board of December 7, 1915, which con- going over a bank and mud-covered ledge. The remarkable 
tained the following on the operations of such a vehicle: features of this route were the diftieult grades and bad 


footing.” 


The Board had before it the re- 
ports of all tests at Rock Island 
Arsenal, and an Ordnance Officer 
was sent to Fort Sill at the request 
of the Board to insure co-ordination 
hetween the results of the Fort Sill 
and Roek Island tests. 


The hrst positive approval of 


the track-laying tractor for use in 
divisional artillery was given when 
the question of motorizing the 155 


mm. howitzer materiel was consid- 
ered atter the entrv of the United 
States into the war The report 


states 


*The Board is of the opinion that 
the 50 H. P. tractor, weighing ap- 
proximately 5.000 pounds, com- 
pletely demonstrated without ques- 
tion its superiority over animal 
transport in all the tests made 

“In the rough-ground test the 
tractor showed that it ean take its 
load over terrain so rough and 
broken as to be virtually impossible 


for horses to negotiate. 





Crossing ditch 


“Tt is not believed horses could 

“The tractor was never in difficulty on these hard climbs have pulled the load through the mud hole in the soft- 

or in these bad erossings. From A to B are two eattle ground test nor up the slope encountered in the last test.” 

guards, a railroad bridge with one tie gone and a trestle; (Report board convened by S. O. 242, Par. 69, W. D. 1917, 
at B is a diffieult turn; at C is a very crooked ford with Nov., 1917. History file 467 T. T. T. Div. O. D. 
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Up to the present time the track-laying vehicles used have Another point on which there is some controversy is 
been essentially adaptations of types primarily designed whether the present standard tractor-drawn guns should be 
for farm work, and the effort of the ordnance engineer was replaced in whole or in part by guns actually mounted on 
motor vehicles. The following is be- 
lieved to be a fair statement of the 
relative advantages of each method: 


Weapons up to and including 4.7- 
inch gun and 155-mm. 
howitzer 

Advantages of self-propelled 
system. Less cargo space in rail and 
sea shipment; less road space; 
rapidity ot going into position; 
rapidity of withdrawing from posi- 
tion; smaller turning radius; no 
digging necessary for trail spade; 
ability to obtain quickly all-round 
fire by moving whole mount. 

Disadvantages of the self-pro- 
pelled system. More difficult to con- 
ceal; one direct hit or mechanical 
defect disables both gun and its 
transport; increases the number of 
types of special motor vehicles; 
violates principle of keeping weight 
of tactical vehicles at a minimum; 
the self-propelled unit weighing al- 
most twice as much as the tractor 
or the gun which it hauls; when in 
Through quicksand firing position the transport can not 
be employed for other useful pur- 





primarily concentrated on minor improvements found nec- poses or conveniently repaired. 
essary in the Military Service, and in the ease of vehicles 
intended for light field guns to provide an emergency 
speed corresponding to the gallop of the horse, which while 


‘ Heavy Weapons 
The principal feature is the facility with which the heavy 


destructive to the older types of 
mechanisms if long continued, was 
not seriously injurious to these 
mechanisms if the speed was used 
with diseretion. The World War, 
however, has many examples of in- 
fantry being moved long distances 
in motor trucks and going into bat- 
tle at the end of a journey without 
the support of its horse-drawn or 
motor-drawn artillery or having to 
wait an unreasonable time for the 
arrival thereof, which has resulted 
in a new demand that motorized 
combat vehicles be able to maintain 
continuously speeds of 10 or 12 
miles per hour, corresponding to 
the speed of a convoy of trucks, in 
order that the infantry may not 
lose touch with the tanks and ar- 
tillery whose support it should have 
when moving into action. At the 
same time these vehicles must not 
in any way compromise their ability 
to function over any sort of ground 
that a horse or man may cross. I? 
is obvious that, while the underly- 
ing principles may not be affected, 
radical changes in the details of construction of the early weapons using the self-propelled system ean go into aetion, 








The amphibious tractor 


vehicles must be made if this new condition is to be sue- open fire, and move to another position, thus making the 


eessfully met. counter-battery work of the enemy more diffieult. The same 


EE ee ee 
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weapon using the tractor system usually comprises several (a) If commercial industry, including commandeering of 


transport loads and requires a comparatively long time to vehicles from civil life, can supply from existing factories 
assemble for firing. The main disadvantage of the heavy in a reasonably small number of models the vehicles neces- 


self-propelled mounts is the great 


coneentrated weight. 
While the ideal solution is to use ak . 


F 
Op Be 


for combat transport purposes ve- : 
hicles which are actually used in 
commercial life in time of peace, 
there are at present in commercial 
use no vehicles which are entirely 
satisfactory and few that are sut- 
ficiently satisfactory for emergency 
use, 

It has, therefore, been considered 
advisable by the War Department 
to design and build experimental 
vehicles which would meet military 
requirements with the idea that 
these would be available for produe- 
tion. In eases such as tanks, where 
there is little hope of ever using 
commercial vehicles as sold on the 
market, and in other eases such as 
tractors, where the commercial ar- 
ticle is still in the development 
stage, it is felt that the advanced 
models gotten out by the War De- 
partment will be of real assistance oO ae es Awe D ete 
to commercial developers in de- Pussies Gamer Gant 
termining whether or not similar 
commercial developments would pay. 





sary for any particular purpose, the supply problem is 

In designing the government vehicles every care is taken solved. 
to use commercial parts if possible, and if not, to use ap- (b) If only one or two factories are producing a satis- 
proved commercial materials, tolerances and shop practices factory article in quantities insufficient to meet war de- 
mands, and if there are in these 
models components such as engines 
built for these vehicles only, it may 
be easier to put in general produe- 
tion in several plants a government 
designed vehicle using a commercial 
engine and other parts which are 
already in sufficient production. 

(ec) Experience in this war 
showed that in many cases commer- 
cial plants making specialized ar- 
ticles did not have their drawings, 
ete., in shape for ready transposi- 
tion to another factory, and in some 
eases actual production of new gov- 
ernment designs was obtained more 
quickly than production ot com- 
mercial designs in new factories. 

(d) The use of government de- 
signed parts, such as engines, dit- 
ferentials, clutches, universal joints, 
ete., is believed to be an absolute 
mistake where suitable commercial 
parts are available. It should be 
horne in mind that in using parts 
designed by various people the 
government in war is not handi- 
capped by consideration of patents, 
commercial pride, or business poli- 
cies which are frequently control- 
ling reasons in civil life. 

‘so that the vehicles could be produced if necessary with the (e) Experimental vehicles built by private concerns 
minimum amount of disturbance of existing plants. which are naturally assumed to largely use commercial 

The following observations are, however, made with ref- parts are often far more special from the standpoint of 
erence to commercial vs. government design : large production than a government designed vehicle. 
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ARMY ORDNANCE 









306 
















































In the matter of combat motorization a most consistent for inereasing the life and speed and decreasing the main- 
and successful effort has been made from the start to keep tenance cost of track-laying vehicles, it is believed that great 
commercial industry, the General Staff, the using service improvements must be made in commercial track-laying ve- 

hicles and that their commercial 
use should be considerably extended, 

i ' It is believed that the Ordnance 
Department must continue its pres- 
ent development of these vehicles 
to meet military requirements but 
it is to be hoped that, as a result 
of continuing the present policy of 
having all Ordnance designs check- 
ed from a production standpoint 
by the Ordnance Advisory Commit- 
tee of the Society ot Automotive 
Engineers, Ordnance designs will 
either be adopted by ecommereéial or- 
ganizations or new commercial de- 
signs will so nearly meet military 
requirements that in the compara- 
tively near future there will be in 
commercial use vehicles which with 


shght changes will be available for 





war. 
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: : ¢ is ordered te ashington and appointed ¢ Mot 
to the war this was accomplished by informal conferences, Equipment Section, charged with the design, production, and 
» fh ‘ eme eats 37 ‘ "OKIE » Chie 2 tion of motor transportation and accessories furnished t Ord 
the first formal action being a reque st of the Chiet ol Ord- nance Department to the enlarged army In June, 1918, he or 
nanee dated April 13. 1917, for a board to consider all dered to France, and handled similar questions in tl Offic f the 


questions relating to the motoriza- 
tion of artillery. At his suggestion, 
the War Department included the 
President of the Society of Auto- 
motive Engineers on the Board. 
Since then there has not been a day 
on which there was not in existence 
a duly constituted agency to co- 
ordinate all interested parties, the 
war-time agencies being special 
boards and the present agency be- 
ing the Ordnance Committee, which 
has available the expert civilian 
advice of the Advisory Committee 
of the Society of Automotive -Engi- 
neers. It is the personal belief of 
the writer that the smooth working 
of the various boards to consider 
artillery motorization during the 
war was the direct forerunner of 
the present Ordnance Committee 
and he is certain that the operations 
of these Boards were a controlling 
influence in deciding the Society of 
Automotive Engineers to appoint 
its Ordnance Advisory Committee 
after the war. 

Considering the length of time 
that must elapse before the United 
States is amply equipped with good roads, the great dam- CMe! Ordnan wg net Mann watil —. a ee Selemen. @ 


th y the 


age done to our_roads by heavy wheeled vehicles, the legal Third Army (Army of Occupation in {Germany at the signing 
‘ 7 rmistice On his relief from | this du he was returned 


<P OMS , A 
limitations on axle loads and the undoubted opportunities States and reappointed Chief of the Tas k, Tractor and Tra 
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omogeneity of Field Artil ery Motor 
quip ment 


W. A. CAPRON 


Member 


HE basie problem in motorization of mobile artillery 

is to provide a means of transport that will permit 

this combat agency to successfully march and ma- 
neuvre over cross-country terrain. While the problem is 
reasonably well solved by insuring the movement of the 
guns and ammunition, it is not completely solved, in the 
ease of divisional artillery at least, until all the elements of 
the combat units can manceuvre with uniform certainty and 
uniform speed. 

Another important object to be obtained is to have units, 
all the elements of which can move at uniform speed on the 
roads, these speeds varving from 2 or 3 miles per hour be 
hind marching infantry to about 12 miles per hour when ac 
companyving infantry loaded in motor trucks. 


The advantages of having standardized equipment from 


the standpoint of ease of supply, decreased variety of 
spare parts, ete., are too well known to need discussion here. 


At present the track-laying vehicle is the accepted means 
of transport for guns and the initial supply of ammunition, 
but mixed with such transport in our organizations are light 
and heavy trucks, touring cars, motoreyeles, caissons, 
wheeled anti-aircraft machine-gun trailers, motor ambu- 
lances, rolling kitchens, wire reels, ete. 

In justice to the Army it must be borne in mind that due 
to the limited development of suitable vehicles before the 
war and the necessity of using any suitable materiel avail- 
able during the war, it has been impossible until very re- 
cently to attack this problem as a whole, and before sug- 
gesting possible solutions a brief review of the steps that 
led to the present equipment may be of interest. 

The first track-laying tractors had a speed of about 3 
mifes an hour, which was insufficient for transport of other 
than the minimum materiel that must be gotten into posi- 
tion with certainty to start the action, and so reliance for 
the greater part of the combat transport was placed on 
four-wheel-drive trucks which, under favorable conditions, 
could also move the guns into action at greater speed than 
the tractors. The board that recommended this combination 
in 1915 was fully aware of the objection to dual means of 
transport, but it was the best available. 

A few horses were retained for the use of battery officers 
and fire-control personnel. Due to complications of supply, 
the horses were soon replaced by motoreyeles and touring 
cars, but these introduced new complications in the way ot 
different speeds, variety of spare parts, ete. The other 
varieties of equipment are largely the result of using what 
was available during the war or hurriedly adapting to mo- 
torized artillery equipment that was originally intended for 
horsed organizations. 


In considering what can be done to simplify the present 





transport situation, it is necessary to consider both the 
transport of guns and ammunition, which is so vital that no 
substitutes for satisfactory materiel can be considered, and 
the transport of the less vital equipment in which conces- 


sions can be made if necessary. 


The motor-driven track-layers, whether in the form of 
tractors, self-propelled gun mounts, or tractor Gaissons are 
all giving promise of being able in the comparatively near 
future to maintain the speed of trucks on good roads with- 
out sacrifeing any of their cross-country ability, and new 
gun carriages are being provided with springs and rubber 
tires, so that they will be able to stand the speeds of the 
tractors. Krom present studies of the more advanced ve 
hicles of new design it appears that the tractor can be made 
to Carry a reasonable amount ot condensed cargo, thus mak- 
ing the tractor and the tractor caisson one and the same ve- 
hicle. The replacement of the caisson, or special ammuni- 
tion carrier, by the trailer caisson (caterpillar trailer) al- 
ready has the sanction of the War Department, and this 


vehicle should, ot course, use as far as possible the parts of 
the tractor with which it is pulled. 

Should the replacement of gun-carriage wheels by cater- 
pillar tracks be decided on as the result of service tests of 
these units, it should be possible to use practically the same 
tracks as are used on the trailer caissons. The trailer 
caissons can be used for the transport of gasoline, repair 
facilities, reserve rations, field kitchens, and, in fact, every- 
thing essential for the operation of an artillery organization 
except the transport of individual men. For this purpose 
the reconnaissance tractor, which is a small track-laying 
vehicle intended to carry two men, is being developed with 
promise of ultimate success. 

While all of the new vehicles referred to are still in rela- 
tively early stages of development, and none are yet ready 
for service test, sufficient has been learned so that it may be 
confidently stated that it is mechanically possible to com- 
pletely equip an artillery regiment with track-laying ma 
teriel, using a single type of track for its heavier materiel 
and the reconnaissance tractor for individual men and ob 
servation instruments. 

Whether this ideal condition would be realized in war is 
probaby dependent upon the extent to which the vehicles 
involved are commercialized. If the complete vehicles or 
their major parts are commercialized, complete equipment 
of the approved types could be expected. If the vehicles 
are largely special, probably no more than equipment for 
the firing battery could be expected in the early stages of a 
war, and commercial trucks and touring ears would be sup 
plied for other purposes. 

However, preliminary experiments with the Chase type 


ot track for commercial vehicles indicate the possibility 
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ot being able to quickly convert these vehicles into track- mit. It is recognized that im the effort to develop the com. 


layers that would be able to follow the organization at its bination of strategie and tactical mobility remarkable ad. 


marching speeds either on or off 





15-Ton Artillery Tractor 


the roads and still vances have been made both in improvement of track-lay- 
ing vehicles and in the combination 
of wheeled and track-laying mech- 
anisms by applying an easily de- 
tachable tread to a specially con- 
structed wheeled vehicle. 

At the present time, the Field 
Artillery is absolutely open-minded 
as to the ultimate type of transport 
for the guns and ammunition ve- 
hicles. Performance and demon- 
strated reliability must be the de- 
termining factors, and it is felt that 
we are now on the threshold only 
of satisfactory motorization. 

Regarding the desirability of 
Homogeneity of Motor Equipment 
in the ideal organization there can 
be no question, and it is believed 
that the problem and its practical 
solution are well covered in the pre- 
ceding article. Unfortunately for 
the realization of our ideal, it seems 
logieal to assume that as road con- 
ditions throughout the United 
States improve, the demands for 
“tactical mobility” of commercial 
vehicles will be modified. If this 
be true, the difference between the 


insure to the commander a homogeneous maneuvring unit. military demands and the commercial necessities will prob 


ably be emphasized, with the result that the ideal equip- 
ment for artillery will be more specialized than ever. 


Discussion by Maxwell Murray However, it is believed that the ideal of standardization 


Major, Field Artillery 


can be gradually approached as our present equipment is 


It is felt that the principles stated in the above article eliminated and that the efficient maintenance with corre- 


are basically sound. Particularly 
is it true that Divisional Artillery 
must be prepared to meet the de- 
mand for both strategic and tactical 
mobility which will enable it to ae- 
company its divisional infantry 
when moved in trucks, and which 
will make capable of moving for- 
ward over broken terrain at a rate 
which will insure continuous infan- 
try support by its fire, this continu- 
ous support being accomplished by 
advancing units of the artillery by 
echelon as the infantry progresses 
beyond the range of the guns in 
their first position. 

It is aeeepted that to date the 
only satisfactory demonstration of 
the tactical mobility required by 
motorized light artillery has been by 
track-laying vehicles, and it ap- 
pears that some form of this mech- 
anism is necessary to give motor ve- 
hicles ability to progress off the 
roads. 

On the other hand, the wheeled 
vehicles appear to possess a decided 
advantage over track-laying ve- 





Artillery Repair Trailer Caisson 


hieles for operation over good roads, and it is possible that sponding increase in the efficiency in performance will lead 
the requirements for strategical mobility will cause the to the answer to the demands for mobility of motorized 
adoption of this mechanism for movement where roads per- artillery. 
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Compilation of War Specifications 


By 


FE. H. CHASE 


Member A.O. A, 


Y PON the adoption of motorized vehicles as standard 
equipment of the Army it became necessary to com- 
pile specifications covering not only the vehicles 

themselves in a general specification, but specifications eo 
ering the component parts thereof. 

As practically no work of importance had been done 
along this line up to February 2, 1918, except that urgenctl) 
necessary in connection with contracts, there was establishe.| 
on the date mentioned in the Motor Equipment Section, 
Engineering Bureau, Ordnance Department, the first sepa 
rate Specification Unit of record in the Ordnance Depart- 
ment. The work assigned to this unit was solely the com- 
pilation of standard specifications of the Ordnance Depart 
ment for tanks, tractors, trailers, bodies, loads and acces 
sories. 

In order to properly compile these specifications it was 
obvious that the personnel performing the work should be 
those with a thorough knowledge not only of automotive 
engineering but also metallurgy and related sciences. As 
little attention had been given to this matter by the person- 
nel of the army prior to this time, reserve officers and civil- 
ians formerly affiliated with the automotive industry were 
drawn upon to complete the organization of the Specitica- 
tion Unit. 

The Office Order establishing the Specification Unit spee- 
fied the duties assigned thereto as “To prepare and keep on 
record complete specifications of every item of equipment 
which comes under the Motor Equipment Section” and “To 
revise specifications in accordance with corresponding re- 
visions in design.” 

Before it was possible to initiate 
the compiling of standard speeifi- 
cations, it was necessary to classify 
and card index such outline specifi- 
cations as had been compiled be- 
fore so that duplication of work 
would not be performed. As these 
outline specifications were in the 
main too brief for practical use, it 
was necessary to rewrite a large 
majority of them, which werk re- 
quired some little time of a portion 
of the personnel, while the time o! 
the balance of the personnel was 
occupied by perfeeting the organi- 
zation of the unit so as to perform 
the vast amount of work before it 
in an efficient manner. 

Some idea of the magnitude of 
this work can be gotten when it is 
considered that it was roughly esti- 
mated there were approximately 
150,000 separate specifications to 
be written covering the general 
Specifications of the vehicles them- 
selves, specifications of the com- 
ponent parts thereof, bodies, loads 


and accessories. Even as simple an article as a spare part 
required at least a name, a drawing number and the mak- 
er’s number. 

The fact must not be lost sight of that, in addition to the 
writing of the specifications, preparations were necessary 
for the proper filing and recording of the complete specifi- 
cations, also tor their distribution. After this work had 
heen started, it was soon apparent that additional duties 
would have to be assumed by this unit in connection with 
the affiliated information on various subjects which arose in 
the natural course of events. This included for a time the 
handling of procurement requests, work orders, the com- 
pilation of estimates of the quantity of various metals and 
non-metals used in the Ordnance Department, which infor- 
mation had to be secured through extensive correspondence 
with manufacturers to whom contracts had been let for the 
respective material. 

To eorrectly specify each item, considerable research 
work was necessary, as were also many conferences with 
the other sections of the Engineering Bureau and with the 
other Bureaus and Divisions of the War and Navy Depart- 
ments. This research work was also inevitable from the 
standpoint of co-ordination and standardization. In this 
latter connection additional duties were assigned to the 
Specification Unit by establishing as part thereof a Stand- 
ardization Unit, as the policy of standardization of motor 
equipment as far as possible was not only a logical but 
necessary economy. 

As each specification was referred to and made a part 
of each contract placed by the Ordnance Department, a 
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standard specification 





form was therefore 





adopted. 


To insure accuracy so as to preclude any controversies, 
manufactured 


either verbally or legally, should material 





Tractor Caisson crossing Ditch 


thereunder be rejected, these specifications before the final 
approval of the Chief of Division were checked by four dif- 


ferent members of the personnel. 


In order to assist the personnel of the unit in writing 
specifications and also for the use of the engineers and 
draftsmen of the Ordnance Department there was estab- 


lished and maintained a file and 
library of manufacturers’ catalogues 
and technical books, the numbers 
running into the thousands. This 
library soon became a source of en- 
gineering and procurement infor- 
mation of inestimable value to the 
War Department. 

Upon the signing of the Armis- 
tice and the suspension of mant- 
facture the Specification Unit prac- 
tically ceased to exist, and subse- 
quently the compilation of specifi- 
cations became the duty of a special 
Specification Board appointed by 
the War Department. However, 
ach Manufacturing Division of 
the Ordnance Department is_re- 
quired to compile the general speci- 
fications covering its respective ma- 
teriel, using as far as possible the 
standard War Department specifi- 
cations adopted by the Specifica- 
tion Board. The work has been 
greatly facilitated by the plan 
adopted of specifying the respec- 
tive material specifications on the 
drawings themselves, which obvi- 





ates the necessity of compiling separate specifications for 


each component part of a motorized vehicle. 
the future, instead of the necessity of compiling and revising 


Therefore, in 
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approximately 150,000 specifications it will onl) neces. 
sary to compile and revise the general specifications cover. 
ing the vehicle itself, its body, load or its accessories, 


changes in the specifications of the 
component parts being taken eare 
of by the revision of the drawings, 

The Library Section of the Speei- 
fication Unit is still maintained ag 
the information contained therein jg 
exceptionally valuable to the Ord. 
nance Department. 





Trucks, Tractors and Trailers 

The preliminary design of a 2. 
ton erane for the 5-ton tractor hag 
been initiated. 

The test of one preliminary eyl- 
inder for an air-cooled tractor en 
gine at Syracuse Engineering Of. 
fice, is 80 per cent completed. 

The detailed drawings showing 
the application of the Chase fabrie 
track to the Militor truck are eon. 


pleted. 

The Ford chassis fitted with 
Chase fabrie track has been run 
1485 miles, and the tfabrie traek 
still in good and serviceable condi- 
tion. 


The design of the %4-ton trailer 
is completed, and the detailed 
drawings being checked and orders tor manufacture placed. 

The Chase fabrie track is also being fitted to Reconnais- 
sanee Tractor, Peoria design. 

The study and test of forged steel track shoes for Artil- 
lery Tractors have been completed. Three types have been 
tested and all proved unsatisfactory. 





Artillery Tractor hauling 155-mm. Gun 


A large number of parts pertaining to the 24e-ton Artil- 
lery Tractor, Model 1918, has been declared surplus and 10 
ventory forwarded to Ordnance Salvage Board. 
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sross-Country Vehicles as an Essentia 
Future Development 


By 


LEWIS K. DAVIS 


Member A. O. A, 


HERE is probably no truer saying than Napoleon’s 

statement that “An army travels on its stomach,” for 

it must have food for its men, food for its animals and 
food for its guns. 

When the Germans made their advance south of Rheims 
towards Chateau Thierry, they covered approximately 34 
miles in four days. They were blocked not by any real de- 
termined defense, but through the fact that they had lost 
contact with their supplies. 
treat of the 
there was a 


This was also true in the re 


Portuguese gave 


Somme, for when the way, 


lane five miles wide in which there were no 
French, British nor Portuguese soldiers to oppose the Ger 
man advance. 

- Since the close of the 


war there has been continual fieht 


ing in various sections of Eastern Europe. A_ eareful 
study ot the maps ol the operations ot General Deniken 
shows that in no instance was it possible for him either to 
keep in contact with his supplies, or to consolidate his posi 
tions in the rear. Invariably his flanks were unprotected. 
If the reports which come out of Anatolia are true, the 
failure of the Greeks to control their supplies has recently 
caused a severe defeat of the Hellenie Army by the Turkish 
Nationalists. 

Failure to keep contact with one’s base of supplies is due 
to two causes: 

1. Lack of railroad transportation. 

2. Lack of road capacity, which is immeasurably in- 
creased if the roads have been previously shelled. 

How this is to be overcome in a warfare of rapid move- 
ment is a problem confronting the staffs of all the armies 
of the world. At the present time there seem to be but two 
solutions, neither of which is yet perfected—namely, the 
aeroplane and the cross-country vehicle. 

The present limited carrying eapacity of 
makes their use negligible in any large operation, but owing 
to the rapid strides made in the last five years it is impossi- 
ble to prophesy what the future will develop in this branch 
of the service. 


aeroplanes 


The other possibility is the cross-country vehicle. Owing 
to the picturesque interest created by the aeroplane, unless 
great perspicacity is shown, larger sums of money will be 
appropriated for development of aerial transport than for 
the less spectacular cross-country vehicle. In the end, we 
may find it to be a ease of “The Hare and the Tortoise.” 

In 1915 the first tank, called the “Little Willy,” was in- 
vented and built in England. Its maximum speed was two 


In 1916 a British Mark IV tank made its 
initial performance, its maximum speed was 6 miles an 
In 1918 the British “Whippet” medium mark “A, 
displaying a speed of 12 miles an hour, was brought out. 
In 1919 the medium mark “D” developed a speed of 21 
miles an hour. 


miles an hour. 


hour. 


Thus in four years the cross-country vehicle has shown 
the remarkable speed development of from 2 miles to 21 
hour. The designers of the mark “D” even 
prophesy a speed of 30 miles an hour for their tank, and, 
to make 15 to 20 miles 
over plowed fields, crossing 11-foot trenches and carrying 


miles an 


from latest information, it is abl 
one 6-pounder and four machine guns, with a complement 
ot 6 men. 

The original “Willy” and the mark “IV” required four 
distributed as follows: 
tank-driver. In 


men to drive them. These were 


two gearsmen, one brakeman, one 1918, 
this was reduced to one man, who had, however, to use both 
Teet. that 
hours steady driving was the limit of endurance. 

In the 1919 machine perfect control is had through a hy 


cont rolled by 


hands and The driving was so laborious tour 


two fingers 


draulie mechanism which ean be 
of one hand. This represents the development to date of 
the tank, for war purposes, so far as is known. 

In the commercial field we have only the farm and heavy 
tractor, with its speed of from two to four miles an hour, 
which, for the purpose for which it is intended, does the 
work more or less satisfactorily, and for this reason, up to 
the present, no development of a vehicle of the cross-coun- 
try type, adaptable to commercial carrying purposes, has 
been made. Nevertheless, those pay road taxes are 
slowly waking up to the fact that they are being swamped 
with taxes for repairs to roads due to damage caused by a 


who 


combination of road pressure per square inch, and speed, 
in the heavily loaded wheel-vehicle type of heavy carrier. 
Already, in Arkansas, property has been taxed four times 
its sale value for road construction, and this without pro- 
vision for up-keep. 

On this account almost every state is passing laws limit- 
ing the road pressure of vehicles, and the ultimate result 
will be to toree development of the eross-country vehicle, 
not necessarily because of its capacity for eross-country 
traveling, but because of the fact that with even a speed ot 
from 15 to 20 miles an hour the impact is practically » 
while the road pressure will be about 5 per cent ol! that ot 
the ordinary wheel vehicle carrying equal load. 

In speaking of a cross-country vehicle for the above pu 
poses, I have in mind a machine entirely different from the 
] 


howd, 


ordinary tractor with its incapacity for carrying an) 


What is required is a machine with a standard chassis, 


which in time of peace can have all the various types ol 


carrying bodies fitted to it, and in time of war can be 
quickly modified into a gun carrier, an armored car, infan 
try carrier or supply wagon, able to turn in its own length, 
and having track shoes with rubber inserts in contact with 
the ground. This machine is certain to come as a war de- 
velopment, but may well be developed for peaceful uses, 


and this peace-time development will be foreed should ail 





312 


the states limit the unit pressures of axle loads of vehicles 


using the roads. 
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same amount of money is used in their developmeit ag yj 


be used in refining and developing the aeroplane. 


The amount now appropriated for experimental pur- 
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Self-Propelled Mount for 75-mm. Gun 


poses by the Government is entirely inadequate to accom- 
plish any real development of such a vehicle. 
however, the “houses of slumber” will wake to a realization 
of the relation of the truck to the taxes, and it will be evi- 
dent that an expenditure now of $25,000,000 for develop- 
ment of a roadless vehicle would pay for itself in ten years 


in saving of the money spent in the 
upkeep of roads. 

At the first the tank as a cross- 
country vehicle was treated as a 
joke, later it was tolerated with 
amusement. Finally, it ineurred 
violent opposition. So far as the 
army is concerned this came al- 
most entirely from two sources: 

First, through the use of the 
tank by those who, having no 
knowledge of its limitations in its 
early form, tried to order it 
through places which it was in- 
eapable of negotiating; and second, 
the opposition of the cavalry, who 
can not be much blamed, as the 
final development of the tank will 
sound the death knell of the cavalry 
as a fighting arm. Under the fu- 
ture methods of warfare, be it a 
great or a small war, or even sim- 
ply a riot eall, the cavalry will have 
no place. Its work will be taken by 
the cross-country vehicle, having an 
average speed of 15 miles an hour, 
with a radius of action of say 200 
miles. This is no longer a conjec- 


ture, it is a fact. These machines have already passed the 
stage of either possibility or probability. 
years they can be made commercially perfect, provided the 


Some time, 


In less than three 








gun or howitzer. 


took 18 hours.” 


Mark VIII Tank 


which means that one of the transport wagons referred | 
would do the work of 112 pack-horses. 
Second, infantry supply carriers and the infantry @ 


For war purposes, cross-country vehicles can be divide 


into sections as follows: Tank 
artillery mounts, ammunition ¢g. 
riers, water carriers, infantry anj 
infantry supply carriers, amb. 


~lances and operating rooms, anj 


miscellaneous vehicles for special. 
ized services. 

We are all familiar with th 
functioning of the cross-country 
vehicle as a tank and artiller 
mount. We may therefore pass t 
cross-country vehicles as ammui 
tion carriers. The new English 
cross-country transport wagon 5 
sapable of making 20 miles on tk 
road, and half as much across cow. 
try, while carrying a maximum of 
10 tons, exclusive of the weight of 
the vehicle. 

The pack-horse as used unde 
bad conditions on the English front 
earried 8 rounds of 18-pounder 
4 rounds of 4.5-inch ammunition 
The expenditure of one 18-pounde 
or a 4.5-inch gun during one battk 
day is approximately 400 round 
To supply this necessitates the us 
of from 50 to 100 pack-horses per 


Counting various delays and “rests for 
watering and feeding, the forward journeys in the last wa 
were rarely made under 12 hours, and more frequent) 
One transport wagon with a capacity of 
10 tons would be able to handle 800 18-pounders, 450 43 
howitzers, 250 60-pounders or 200 6-inch howitzer shell, 
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CROSS-COUNTRY VEHICLES 


riers, 
approxi: ely 


in action, by a few 
eross-counl ry transport wagons of 
suitable capacity attached to his 


pounds wi ile 


regiment. . 
Any means for reducing the load 


carried by infantrymen, whether on 
the line of march or in battle, is to- 
dav one of the most important 
questions to be solved. The tre- 
mendous loss of equipment, due to 
soldiers abandoning the same just 
previous to going into action, is al- 
most inconceivable, and by having 
part of the infantryman’s load 
earried for him, immense loss would 
be saved. 

Now take the infantry carrier it 
self. The transport wagon could 
be so designed as to carry many 
wen fully protected from machine- 
gun bullets. After the enemy’s 
fire had been smothered by fighting 
tanks, or a position taken, the 
bringing up of the infantrymen, 
protected from fire on the way, to 
consolidate and hold the position, 
would be a tremendous advantage, 
and the men so brought up, fre 


from fatigue, would be worth double their number in men 
who had had to make their way forward under fire. 

The future cross-country ambulance will be so supported 
that ordinary irregularities of from ten to twelve inches of 
the ground will not change the level of the 
will be free from jolting, and will permit 





Light Repair Truck 


Yeing performed while traveling to the rear. 
ambulance stations of this character, protected 
would make the field hospital in many cases 





ESSENTIAL FUTURE DEVELOPMENT 
the average infantryman goes into action carrying 
75 pounds. At least 40 pounds of this 
could be carried for him on the line of march, and 20 




















will take their place. 


body floor, it 
of operations 


tor one vear's supply of food and petrol, ete. The saving 
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unnecessary, thus saving both in stretcher bearers and 


and reconnaissance automobiles are 


Repair Shop Vehicles of Heavy Ordnance Maintenance Company 


capable only of road travel. Soon, cross-country vehicles 
With the armies of the future, tanks, 
oing from 15 to 20 miles an hour, will function 
advance cavalry, with less loss and more effectiveness. 

In a recent mancuvre, I understand, a cavalry charge 
was made point blank on a battery of 18-pounders pro 


tected by two machine-gun nests so 
placed as to give a perfect enfilad- 
ing fire protection to the battery. 
After the manceuvre was over, the 
officer in charge of the cavalry re- 
ported the position as won. This 
would have been perfectly feasible 
had the attacking force been cross- 
country cars; but it is inconceivable 
that the cavalry could force a suffi- 
cient number of horses up to eap- 
ture a position so protected by ma- 
chine-gun fire. The cavalry claim 
that their horses ean get forag 
from the country through which 
they pass, while tanks can not se- 
cure gas in the same way. But one 
ot the first measures of protection 
in- modern warfare is to destroy all 
possible means ol supporting either 
men or animals. Col. J. F. C. Ful- 
ler, D. S. O.. in a report to the 
British War Offiee presented the 
interesting figures given in the 
table on page 314. 

“1. On the following ealeulation. 
the 3 cavalry divisions now in France 
in food and forage (without reekon- 


ing wastage) require for one vear 73,080 more tons of food 


and forage than an equivale nt number of tank brigades do 
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in tonnage, therefore, is approximately 


Cavalry Division 


Men 
Total personnel, less R. H. Total personnel_..._....~ 
A. dinibppae . 7,406 
Tons Food for men per month—_ 
Food for men per month... 200 Petrol tanks for 
Food for horses per month. 2,100 miles ee 
Ce ee ee ee ee a 2,300 Total 


Saving, 2,030 tons per month. 
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per 


Brigade 


100 


Artillery Supply Truck 


eent. 


Men 


2,710 


Tons 


To 





2. Since they have been in France, the horses of the cav- 
alry divisions have eaten a weight of food which is equal 
Counties 
(10,000,000 people) for a period of more than two years. 

3. The number of horses in the eavalry divisions is a 


to the meat ration of London and 


small item when compared to the 
total number in France, which prob- 
ably exceeds 400,000 horses and 
mules. The food required for this 
number approximates 80,000 tons 
per month, or 720,000 tons per 
year. If half these animals could 
be replaced by petrol-driven trae- 
tors. road and cross-country, over 
250,000 tons of shipping would be 
saved yearly. 


Economy of Petrol Over Hay 


l. For purposes of comparison, 
the case of a field artillery brigade, 
which at present entirely relies on 
horse flesh for movement is taken. 

2. The brigade, exclusive of the 
brigade ammunition column, has 
723 horses and mules, of which 
about 560 are used entirely for 
transport work and its supervision. 
These 560 animals require 4 tons of 
food per day, or 1,460 tons per 
year. 

3. The haulage of guns and am- 
munition could be done quite as effi- 
ciently by cross-country tractors, 6 
per battery, 3 for ammunition and 
3 for the guns. 

4. Four tons of petrol should 


Home 


a few isolated cases has the horse been found economieal 








take a light cross-country tractor a distance of 1,000 miles. 
If 24 tractors are used, each could average 40 miles a day, 


or 14,600 miles a year, on the same tonnage of petrol as the 


Practically no improvement has been made toward makit 








560 horses at present require in tonnage of hay and oats.” 
In eivil life it is already being seen that the horse is being 
supplemented by automobiles and farm traetors. Only jy 


and the raising of horses, except as a luxury, will! soon be. 
come a lost art, land now used to raise food for horses will 
be turned to supporting man. 

What will be the standardized line of development of the 


cross-country vehicle of the future? 


It seems safe to predict that the de. 
e tollow- 


velopment will be along tl 
ing lines: 

First. The present type of direet. 
connected track shoes will be su- 
perseded by eentipede self-adjust- 
ing shoes, the soles of which will he 
of rubber or wood inserts. 

Second. The articulation of the 
frame with a rigid bogie will be su- 
perseded by a machine in which the 
frame is rigid and the bogie is ar- 
ticulated, for with the rigid bogie 
any slight raise requires an engine 
pull equivalent, not only to the 
power required to travel on _ th 
track, but to lift the machine over 
the irregularity, while in the se 
ond, the articulation of the bogie 
permits the track to go over the ir- 
regularity without appreciably rais- 
ing the machine. 

Third. An automobile fitted with 
a centipede track which can be low- 


ered or raised at the will of the driver to permit of either 
method of locomotion may be an intermediate step pending 
the development of the cross-country vehicle to the same 


stage as that of the present automobile. The commercial 


Artillery Repair Truck 


caterpillar at present is not an economical machine, for 00 
farm work the total average use per year is only 38 days. 
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CROSS-COUNTRY VEHICLES AS AN 


track pins dust-proof, or built-up shoes with wearing parts 


replace: t 
why a chine ean not be built at a reasonable cost which 


the far 
his products to the market. 


at slight cost. Nevertheless there is no reason 


ean use for either cultivating or transporting 


Mobility is a prerequisite to the success of an army. 
Cross-country vehicles assure mobility with a minimum of 
eost and the employment of a minimum number of men and 
animals. But it is both militarily unwise and economically 


unsound fo leave the development ot an instrument ol 


transport which may be used in war, but which has also 
valuable commereial qualities, to the day when such a 
vehicle 1s required for war purposes. As in the ease with 
the aeroplane, this development should begin in time of 


peace; the people at large should profit by it in their daily 


ESSENTIAL FUTURE 
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pursuits. Then when war comes, if it should come again, 


not only would a more highly perfected instrument of trans- 
port be available, but factories all over the country would 
know how to make and be in a position to turn out as many 
as the army might require. 

To this end, obviously, since the government is interested 
from a military standpoint, and since also the people at 
large are interested from the standpoint of increasing means 
of transport, reducing freight costs and the costs of farm 
production, it is legitimate to expect that a charge for ex- 
periments in cross-country vehicles would be a normal one 
against the Federal purse. 

Certainly, in saving in road upkeep costs, increased and 
cheaper transport and lessened cost of farm production and 
marketing, such an appropriation would be one of the most 


paying investments the national government could make 


anks With Modern Improvements 


RAYMOND E. CARLSON 


HE tank has heen deseribed as a deat, dumb, and 


blind beast, which is no doubt a true description. 





‘his article will cover briefly a few of the items, or 
“gadgets” as our English cousins eall them, which are nee- 
essary to give tanks eyes, ears, and some of the other at- 
tributes which the human being possesses, so that the tank, 
through the crew, will become an efficient fighting machine. 
The following subjects will be briefly touched upon: 


A. Observation, 

B. Direction, 

C. Communication, 
D. Gas Protection, 
E. Cooling. 


A. Observation. 


The tank is somewhat like an individual afflicted with 
bad ease ot short si@htedness, ol one who has been to the eve 
doctor to have eye drops in his eyes and has to wear dark 
glasses, rhe observer is closed in by steel walls, which are 
bumping around violently when the tank negotiates rough 
terrain. Observation is obtained through slits, which « 
necessity must be very small, and the observer has great 
diffieult in keeping his eve properly located with references 
to the slit and at the same time prevent injury to himsel! 
through bumping against the steel side of the tank. A 
small periscope is also used when enemy fire is severe. This 


periscope is pushed up through a hole in the top of th 
tank, and being small in size is not often hit. Observation 
from a periscope, however, is limited to observation in the 
direction the periseope is pointed. 

Since tanks were first used, much time and effort have 
been Spent with a view to securing better observation and 
at the same time providing protection to the observer. So 
far the scheme which gives most promise is an applieatio: 
of the stroboseope principle. The stroboscope as applied to 
tanks consists of an outer evlinder which revolves at 300 
or 400 revolutions per minute. In the sides of the evlinder 


are placed vertieal slits having a width of approximately 2 


millimeters, 


The width of these slits is dependent upon the 





size of the core of armor-piercing bullets, and they are made 
sufficiently narrow so that even though a bullet should hit 
directly on the slit, the steel core would be prevented from 
going through. Inside of this outer cylinder, which is re 
volved by means of an electric motor, is another cylinder, 
which remains stationary and is fixed to the tank. This 
cylinder has windows of non-shatterable glass so arranged 
that in case any molten lead or splash comes through the 
outer slits and splinters or blurs up the window, this win- 
down can be easily and quickly replaced by a clean one. 
Most every one has noticed while walking alongside 

picket fenee that the pickets seem to have very little effect 
on the objects behind the fence, or that while looking 
through the spokes of a wheel which is turning the spokes 
only shghtly dim the elearness of an object behind the 
wheel. The stroboscope operates on exactly this same prin- 
ciple. The retina of the eye will hold an image for ap- 
proximately 1/10 of a second, and if sufficient slits are put 
in this outer revolving cylinder and the eylinder turned at a 
speed so that a new slit will be presented before the lin 

vision of the eve within the time period ot 1/10 of a see 
ond, practically continuous observation will be obtained. 


Sample stroboscopes, substantially of the tvpe shown in 


the illustration, have been made and tested out under fire, 
and the results of these tests have been very satisfactory. 
The slits are so arranged that the observer, whose head is 
inside otf the inner cylinder, can move about considerably 
and still have good observation. During the tests a dummy 
observer was placed inside the eylinder and machine-gun 
and rifle fire directed on the oute) sereen, and the conelu- 
sions reached as the result of these tests were that the ob- 
server would not have been injured. 

The stroboseope seems to possess the greatest possib lities 
for giving the tank driver or commander all-round ob- 
servation, and at the same time affording him the maximun 


degree ot protection. 


B. Direction. 


In order that tanks may follow prescribed routes which 
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have been assigned for the fulfillment of a certain mission, 
and in order that they may have accurate information avail- 
able as to their location at all times, it is necessary to pro- 
vide them with suitable radio directive apparatus or reli- 
able compasses. This article will deal only with the investi- 
gations and work now going on in connection with com- 
passes. , 

During the past war magnetic compasses of the airplane 
tvpe were provided for tanks and were used with fair sue- 
The tank is not well suited for the use of an ordinary 
magnetic compass on account of the fact that its hull forms 
a magnetic shield and that the revolving track shoes and 
firing of steel projectiles upset the magnetic distribution. 
Experiments are now being made by the Bureau of Stand- 
ards for the Ordnance Department, as the result of which 
it is hoped that satisfactory forms of shielding and com- 
pensation can be developed, which will give the magnetic 


cess. 


form of compass sufficient 
reliability to permit its use 
in tanks. 

In order to 
compass which is absolutely 
independent of the earth’s 
magnetism, there is being 
developed by the Sperry 
Gyroscope Company, for 
the Ordnance Department, 
a gyroscopic compass which, 


provide a 








it is believed, will be of 
great value to the tank. As 
is well known, the gyro- 


scopic compass obtains its 
directive force through the 
inter-reaction of the earth’s 
rotation and the rotation of 
the gyro wheel, the latter at 
the equator always tending 
to keep its axis of rotation 
parallel to the earth’s axis. 
The gyroscopic compass be- 
ing developed for tanks is 
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going on around it, or without speech, so that it can not tel] 
other tanks or other troops what is happening in its im- 
mediate vicinity, is not the most effective tank. First of all, 
the various members of the tank erew must be able io talk 
easily and clearly with one another. Next, the tank ecom- 
mander must be able to talk to other tanks, to Tank Head- 
quarters in the rear, or to airplanes. The development of 
wireless telegraph or telephone communication from the 


tank to other outside parties is a function of the Signal 
Corps, and will not be covered in this article. It is perti- 
nent to remark, however, that good progress is being made 


on this problem. 

The question of communication between members of the 
crew has been satisfactorily solved through the use of a 
throat-type transmitter. In the Mark VIII the tank com. 
mander can talk to the driver, the right or left-hand gunner 
and mechanic, and all of these outlying stations can in turn 
talk to the 
that the tank commander ig, 
in effect, a real commander, 
orders 
to any member of his erew 
with the knowledge that 
these orders will be clearly 
understood. In 
thoroughly appreciate what 
only to 


commander, g§0 


and ean give definit 


order to 
this means one has 
ride in one of these heavy 
tanks when they are in mo- 
tion. The Mark VIII tank 
is perhaps better than most 
ot the other large tanks, be- 
eause the fighting compart- 
ment is separated from the 
compartment, but 
even so there is still a great 
amount of noise. A head 
set consisting of two special 
receivers and a throat-type 
transmitter are provided 
for the tank commander, 


engine 








of the direct-current 
and the energy necessary 

for revolving the wheel is obtained from the starting and 
This compass is independent 


tvpe, 


lighting batteries of the tank. 
of any magnetie influence, and should, when perfected, pro- 
vide a very reliable means of enabling the tank commander 
to follow any course desired. An added advantage of a 
gvroscopie compass is that it indicates true north and not a 
magnetic north, so that deviation corrections are not required. 

This gyro compass has really great possibilities in broad- 
ening the field of employment of tanks. It can easily be 
provided with a means whereby it would trace on 
the course which the tank has followed up to any one point, 
and in ease it were desired to retrace this course, the tank 


a chart 


would then be steered so that the recording device would 


follow the course already marked up. During the past war, 
submarines eat ipped with gv roscopie compasses and this 
through the Mediterranean 
When the 


steered 


recording device went safely 
and up to Constantinople. return was 
attempted, the submarine to the 
chart already made and returned safely to its point without 
encountering The use of tanks 
would enable night attacks to be made or allow them to go 


vovage 


was according 


mines. gvro compasses on 


forward during early morning raids or even in the fog. 


C. Communication. 


without ears, So that it does not know what Is 


A tank 


Experimental Stroboscope for Tank Observers the driver, mechanic, and 
both gunners. This head set 

is so arranged that the gas mask can be easily worn as well 

as the leather skull cap which each member of the tank crew 

needs to provide protection for his head. In addition, an 


extra head set and a 30-ftoot extension cord are provided, 
so that when the tank is moving in the dark during an ap- 


proach march a man walking out in front can give orders to 


the driver. This interecommunicating telephone system, 
which is in effeet a very small telephone exchange, draws its 
power from the starting and lighting batteries o1 tank. 
D. Gas Protection. 
eT. ° . } 
[he scientists tell us that gas is now being oped 
which is far more powerful than any other gas previously 
ised, and in the same breath thev say that gas masks are 


Ss gas. 


being provided to render the wearer immune fro! 


Chere is little doubt but what gas will have a most import 
ant role in the next war, and the side which has an effective 
gas tor which gas protectors have not been invented by the 
other side will have an enormous advantage. It is believed 
that tanks can play a very important part in minimizing 
possible disaster which might occur through the us yt gas. 
Tanks can be made gas-tight, and if the membe1 f the 
erew are then provided with oxygen, or air, the’ ve lit- 
tle to fear, no matter what kind of gas is used. \With 4 
relatively small number of these gas-proof tanks. centers 
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of resistance could be set up which would prevent an ibso 
lute « 
Stu i1@s 


saster to the Lorees, 


are now under way in collaboration with the 


Chemical Wartare Service for a means to make tanks proo 
toxic gases, the importanee of which is thoroughly 


zed by the Ordnance Department. 


agaln-! 


recog! 


E. Cooling. 


nks are ealled upon to operate in almost every extreme 


a 
of climate, from very cold to very hot weather, and the 
question ol cooling them, to insure satisfactory operation, is 
a very important problem. So far the cooling system for 
tanks has been of the more or less standard type, emploving 
radiator and cooling fan, which was driven either by belt 
or by chain. This system is, of course, open to the criticism 


that water used as a heat absorbing medium may freeze in 
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OF FORCES PROJECTILE 


ON A 





winter or under extreme cold, and may nol possess aac 
quate cooling for use in tropical climates. 

The possibility of using a small refrigerating plant for 
cooling the engines where tanks are required to operate in 
attention 


far, details 


tropical countries is now receiving considerable 
and may give a solution to this problem. So 
of this but 
that the 


tracting the heat from the cooling water and thereby re 


investigation are not available, it is thought 


refrigeration system will be first applied to ex- 


placing the radiator and fan at present used. 

The cooling of the entire tank, or at least the portion in 
which the crew is confined, is also an important problem. 
The tank necessarily being of metal construction, becomes 
the sun’s that 


unless artificial means of cooling are provided, the crew 


a veritable oven when exposed to rays, so 


performs its work only with the utmost difficulty. 


[Determination of 


the Forces on a Projectile 


G. F. HULL 


HERE are two elements of nee in an artillery 


duel. It one ol the 


lnporta 


adversaries out-ranges the other, 


and also possesses the greater accuracy, to him wiil 


belong the victory. That is ¢ specially true in naval battles. 
The two battles in South American waters during the World 
War were both decided by these two items. 


Projectiles are robbed of their range by the resistance of 


the air. Their flight is rendered uncertain by the same 
eause. If we could get rid of the resistance of the air, the 
army service bullet, .30 caliber, would have a range of 43 
miles. Moreover, it would have an energy and a penetrat 


ing o1 destructive power al the end of that range equal to 
the corresponding values at the beginning. AI projectiles 
would have the same range—given the same muzzle velocity 


and angle of elevation. Aceuracy in range would not de- 
pend on the size or shape of the projectile. 

For vears all countries tried to improve the range of their 
Early in the war it appeared that the Germans 


Then the Alhes hastily tried to overtake them. 


projectiles. 
led the Way. 
There was great progress during those few years, but thi 
race is far from being finished. 

Let us consider these two elements—range and accuracy. 
How may we improve them? The ordinary way has been 
to fire projectiles with known powder charges and note the 
range and dispersion; then to modify the projectiles and 
start all over again. But that is a eumbrous and expensive 
method, and has led to very indifferent results, although it 
has been used for a century. If we could determine com- 
pletely 
could 


knew 


the laws governing the resistance of the air, then ws 
the And it we 


all the factors entering could 


calculate range of any projectile. 


into the resistance, we 


design projectile which would possess a maximum of 


range and a minimum of dispersion. 
The « assical method of finding the retardation of a pro 
.Jectile has been to fire through a number of sereens and 


note This 


rate ol decrease ol 


velocity. may appear 





easy, but In practice it is a matter of considerable difficult 
For, in order to measure retardation to one per cent, the 
velocities would have to be measured to an aecuraecy of on 
part in ten thousand. An experiment along this line, which 
promises far more precision than any previously under 
taken for this purpose, has been started at Aberdeen Prov 
ing Ground to supplement the experiments described in this 
article. 

In the fall of 1918, experiments were begun by the Ord 
nance Department and Bureau of Standards which had for 
their object the measurement of the forces on a projectile 
dlue to its motion through the air. Here it was proposed to 
hold the projectile in an air stream of high velocity. Th 
General Electric Company was able to supply 


plant a stream of air about one foot in diameter 


at its Lynn 


up to 


velocities perhaps as high as 1,500 feet per second. It may 
he pointed out that a wind of 90 feet per second, or 60 
miles per hour, is regarded as a gale, 
Henee it 


Now, power foes up 


as the eube of the velocity. requires 1,000 times 


as much power to produce a stream ot 600 miles per 


hour 
as to produce one of 60. For a velocity of 1,500 teet per 
second the power required would be 4,600 times as great. 
It we assume that 30 per cent takes the form of thermal 


energy and only 70 per cent takes the form of the kinetic 
energy that we desire, it can be easily computed that the 
power required to produce a 1-foot diameter wind stream 
ot a velocity of 1,200 feet per second is 8,600 H. P.. or 
6,300 kilowatts. If this had to be paid for at an electrie- 
light rate of 10 cents per kilowatt hour, the cost would be 
through the 
courtesy of the General Electric Company, we have been 
tests ol 


Government has been called upon to pay for only a small 


more than ten dollars a minute. However. 


able to utilize commercial compressors, and the 


part of the power it has used. 
The apparatus now used for measuring the forees on the 
projectile is illustrated in Fig. 1. 
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tached 


The projectile IS att 











_ 


y 


« 


18 ARMY 


by a steel spindle to a steel piston working in a cylinder, the 
latter being attached to a horizontal bronze bar which can 
be moved in and out, or up and down, in the wind stream. 
The pressure of the air above the piston can be regulated 
and measured. Hence, when the upward force of the air 
on the projectile is equal to the weight of the moving sys 
tem, the piston moves up or down in the cylinder, or a 
As far as this “weighing” 1s con- 
of fit 
although 


“balance” is obtained. 


ot 


cerned, the accuracy depends upon the precision 
piston and cylinder. 
only lubricating oil is used between the surfaces, air does 
At 


This precision is such that, 
not leak in or out to any appreciable extent. the same 
time a difference of force 
of 0.04 pound will cause the 
piston to change from an up 


to a down motion, or vice 
versa.” 
The velocity of the an 


and its temperature, after 1i 
has issued from the orifice, 
are computed by the use of 


the ordinary formula hold 
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+Henee, R/V where B( V) 
V. which, when plotted, has the form of the dotted line i 
2, 3, 4, and and the full line in Fig. 
illustrated in Figs. 4 and 5 may be regarded as mod- 

resistance law departs widely 


varies as B( V ls a funet 


ion of 
i Figs, 
5, 6. Now, projectiles 
ay Dy 
he 


ern, and tor these t trom 


the B eurve—the curve which is the basis of all our ballistie 


computations. These curves also show that for low velogj- 
ties (V=200 to 250 meters per second) the foree due to the 
air does not depend very much upon the form of the nose, 


hut that it does depend very critically upon the form of the 
Thus, the 
V hoat 


boat-tailling a projectile 9° cuts 
200m At low velocities the 9 
is rather better than a 


hase. loree 


halt 


ll 
tailing 


ny ps 


tor 


5. 


a 5°, but this advantage 
soon disappears as the ve- 
locity inereases. Our curves 
suggest, though thev do nor 


In any way prove, that at 





high veloeities the retarda- 
tion of a boat-tailed 


le 


projec- 


ti not mueh less than 


Is 


that for a square base. 





ing for adiabatic expansion. [It is clear then that when 
It is necessary to measure we speak of the “best form” 
the pressure and tempera- projectile, we must specif’ 
ture of the air in the pipe the velocity for which this 
below the orifice, that is, form applies. 
before expansion. For this The important pai 
purpose a number ot pres- played by the base of the 
sure gages and thermo ele- projectile is further made 
ments are used. A potenti- evident by the measurement 
ometer, a galvanometer (sus- ot the pressure of the air 
pended so as to be undis- across the base. For a 
turbed by the very pro- square-base projectile, the 
nounced vibrations of the = aes pressure is fairly constant 
building) and an air pump - §| at all points across the base 
capable of producing sue- This pressure is negative 
tion or pressure, are alsv when compared with  at- 
necessary. Photographs oi mospherie pressure, and 
the air waves about the pro theretore is suction. The 
jectile, especially at high ve- data of Table I shows that 
locity, give an indieation of at low velocities the foree 
the disturbine causes and due to the base is four-fifths 
also provide a eheek uno) ot the total foree for a 7 
the computed air velocity. =a etme quent: RTI can caliber ogive projectile. [f 

There are a creat man. Fig. 1. Apparatus tf f mensuring foress on apr — = ating air strear the area of the hase is de- 

5 . . velocity 1,200 feet per sec 

vanables in this experimen creased by boat-tailing, and 
and there are a great many corrections to be applied and if, as o easurements show, the suction also decreases, 
standardizations to be made. But, finally, we can sav tha then the foree due to the base is greatly decreased and the 
we know the foree which an air stream of a certain velocity, total force on the projectile is similarly affected. Table I 
density, and temperature will exert on a projectile of shows the suction in centimeters of mercury at the base of a 
certain specified form. For a number of definite forms we ro ject fo interpret this suction in pounds per square 
know the law of air resistance between the ranges 0 one has to divide the number of centimeters 
locity so far used, that is, from 200 to 380 meters per sec eury by 9.14 
ond (about 600 to 1.200 feet per second And we kno ‘he data shown in Figs. 2, 3, 4 and 5 were obtained 
the effect upon the resistance of adding a rotatu s band 0 inv rotating band on the projeetil lhe addition 
the projectile tore or att 1 rotating band ma\ rreatly nerease the foree or mav have 

But it may be argued that we must have known the law no effect, depending upon its position. For a square-hase 
of air resistance for vears, otherwise how could we have co: projectile, a band flush with the base increases the force by 
structed range tables. It is true that we follow the Frenc! 
law in this work, but it will be seen in Figs. 2, 3, 4 and 5 
that that law does not hold even approximately for mode tl seit ; 
projectiles, within the limits of the velocity we have used l, the diameter 
The French write the law in the form— rman 

‘ eS x 0 density of the a 
R =Cpa* \ . B(\ I figures P P ! 

= st dig » the right of tl ua ign I i the 

*Under the directio: f Dy J. Briggs, of tl B " Stand ; ind th id digit th neti tl irica 
ards, who is collaborating in experiments, thes nders and s body f 1.36 ine} i. Os a ¢ sdius 
tons were made by Mr. W. H. Cottrell, to | sd grea dit fo ft} yg ' 3 I rat 
excellent workmans ta ¢ in deg 
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have been indications that when the projectile was inclined Experiments concerning the stability of a project re 
to the air stream, the force was greatly inereased. For ex- being very ably eondueted at Aberdeen by Mr. R. H 

ample, in one east, when a projectile weighing nearly fitty His problem, involving as it does the consideration of pr 
pounds was in the air stream, the nose-on force was a little cession and mutation of a spinning body advancing through 


over 40 pounds. There was then a down force on the _ the air at great speed, is one requiring not only mat! 
spindle. But as the projectile was being taken out of the eal ability of a high order, but one demanding the sest 
air stream it was set swinging slightly. The air caught it  serutiny of experimental results. 

on one of its swings and threw it up several feet, breaking The problem of the projectile has never been regarded as 
off in that motion the steel spindle holding the projectile an easy one. Even in the older pre-war days ot all 
to the balance arm. It was evident that the inclined foree angles of elevation and short ranges, it was known that 
must have been at least twice as great as the weight of the there were a number of variables which influenced the pro- 


projectile. jectile’s flight. But now it is necessary to explore the up 
By attaching the projectiles to the spindle at an angle to - per, as well as the lower, air for temperature and wind be- 
fore a shot can be accurately directed. And it is necessary 


to know many faets concerning the projectile which for- 
merly were never taken into account. With all of these facts, 
and with range tables based upon a correct law otf resist- 
ance, we may determine not only the range of a projectile, 
hut we may accurately follow it through its whole course 
of flight. It is in order to supply as many of these tacts as 
Seegeeeegeessss possible that these experiments are being conducted 


TABLE I. Data showing pressures of the air at the base o 


Projectile No. 3, square base, T-caliber ogive 














. Fo 
" Suction at . . 
, ‘ base in ems. — ee F 
S uction at otal 
of Hg basi 
198 2.3 1.53 1.99 
=o ~ 2.19 2.52 
2a5 51 Low 
SH 208 3 10 1.40 
oe 5 65 ,.40 
rani [] Va t n force due ha in xi n 
) ances of the band measured from the bass 
Projectile No. 3 square bas¢ T-caliber ogive 
7 215 m/s V=235 m/s V=28 
= sw - ra 
" = == 
> —= > 6 - = —= 
\ FRISBEE SSS 2 le 3 = re z= 3 
ec -+ -- Ss = > 3 S ze 3 
i 1.00 oO l 2 1. no hand ) 
’ 8 1.00 0 5 9¢ 11.13 0 f 
2 ! 52 0.98 2 incl 534 1.03 2 incl 1.07 
1.00 4 inch 2 1.00 4 incl l 
540 1.02 6 incl 5 1.0 1.0 ined t ) 
I € N 52, 2-inch diameté 7 alibe orlve 7 } 
\ 25( m /s \ oR n 
: . Position Force Rat Position Fores 
Voun METERS per SECOND of band 79 ato band \ 
no band 29 1.00 no band 1.00 
Fig. 6 1.00 inch 7 1.26 1.00 inch i 1.33 
1.25 inch 5 1.20 1.5 inch 7 1.23 
the axis, the force in the original direetion of the air stream < nch : = 
may be found for an inelined position. The data in Table 
: i - Fh Projectile with coned ogive (20 total vertical angk 
III have been obtained recently and may require revision. = : 
eae ° ° 280 m/s 280 m/s 28 
These measurements show that the retardation of a projec- 
/ es . Projectile No. 238, Projectile No. 29 Projectile 
tile may be inereased two and one-half times by a change in 5° boat-tail 7° boat-tail 9° b 
direction of the axis of the projectile through 15 degrees. ‘i 7 
Now, ballisticians have never taken any account whatever ss P 2s : 2 
of the change in inclination of the axis of the projectile to a 2 2° i = : 3 
the wind. They have regarded it very much as if it were = oo » satin a “ = 2 
PhS a . 0 " ~iectile was in- no band 394 1.00 no band 326 1.00 no band . 1.00 
a sphere namely, as if the foree on the projectile wa: in a ck ia a Lek ae Lat te ie 153 
dependent of its orientation. But our data show how seri- 1.5 inch $418 $1.06 1.5 inch 370 «1.13 1.5 inel 13 
. 2 = . 2.0 inch 418 1.06 2.0 inch s78 1.16 2.0 inch 13 
ous an error may be made in following that assumption. 4; ogive 516 131 at ogive 562 172 at ogive 4 9 
At high altitudes the wind velocity may be very large and Band at each cone ---- ~------------ " — 
: ' = . ae : : Two bands midway between cones 1.1% 
may easily cause a 15-degree attack of air upon a projec 
tile. In such a ease, if the projectile is a stable one, its ParLe III. Variation of force due to inclination of } 
rapid rotation will eause the nose to preeess about the ap Projectile No. 58. V=200 mse Dealertile Ne. 1. \ 
parent direction of motion of the air, and it may, in time, es : ae = - - = 
. ° o 2.0 > ) ) 0 295 : l 15 
meet the air nearly nose-on, but it may continue to have a 255 287 345 175 660 410 500 530 7 830 
large yaw, in which ease its retardation will be several times Projectile X V—270 m/s Projectile No. 1 
as great as it would have been had it moved nose-on to the ; = 


air. 
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nd those were finally adopted which are illust 
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was realized as ot Importance t 
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vere issued not only for use in compiling these re 


it with the view of being so clear that they could bi 
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prospective manutacturer entirely 
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ir with the normal operations of the Ordnance Dé 


ent. <All terms used as captions on 


the record 


form 


1) are defined, and an explanation given as to th 


iation to be shown under same. 


ually eareful instructions were issued regarding stand 


urd reamers, taps, dies, drills, ete., but as these items will 


probably be gradually used up in time of peace, and as 
there is nothing particularly novel in the methods used, the 


Instructions and forms used are not ineluded in this article. 
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s customary to drop the class and division w 


component symbol, only the drawing number 


ARMY 


the 


and symbol thereon 


yhen writing ordnance 


be 


ng 


ised: thus, in this case we have ordnance component symbols written 
372A, which identifies an oil-pump body, and 372B an oil-pump uppe1 
cove! For the purpose of this record, the term will be understood and 
written as above explained, but it should be remembered that in cases 
ere it S necessary tm Live the ordnance component symbe is 
correspondence, etc., the Project should be mentioned, together wit! 
the class and division to which the drawings of the project belong Ir 
these records, the ordnance component symbol will be shown on first 
and all additional sheets regardless of the number of sheets required 
! Contractor’s Component Symbol. As used herein this term w 
be understood to mean any identification numbers, letters, or othe 





marking used by contractor designate 


to 





various components othe 





than that officially assigned on the ordnance drawing of the parts Ir 
nost manufacturing establishments the engineering, productior I 
accounting records ar¢ losely associated, various systems being it s 
by different manufacturers, and, as during the late war, it beca 
né ssary in some instances to place orders for materials f 

ordnance drawings were at the time available, it resulted in n 
different component symbols being assigned by the manufact 
whic! ive no connection with the ordnance component symbo! subs 
quent assigned, and as route sheets, index cards, tool symbols, ¢ 
are all based upon the general system in use by the vario 

turers, it has been found that the contractor’s component sym} 

many instances the on practical means of linking together the d 
required, 

The contractor's component symt " when it is knowr showr 
on all first sheets, and in cases where ordnance symbols | not s 
sequently been on all additional sheets; th \ ils 
instances of this used the same as ordnance symt for filimg 
purposes 

(i) Contractor. By this term is meant the manufacturer directly re 
sponsible to the Government for the performance of work or the prt 
duction of material, and the name of the contractor as so defined 
be given after the caption “Contractor” on the first sheet in all cases 
Where it is known that the contractor had the actual work performed 
by a sub-contractor, the name of such sub-contractor should be shown 


following that of the 
(Maxwell Motor Company 
By 
upon any manufacturing equi 

These be found to 


contractor; for example, 


sub-contractor 
(J ) 


Tool Symbol. tool symbol is meant ; 


otherwise, made 


identifying same. will 


system of tool symbolizing has been used. 
instances where equipment have no symbols 


Chandler Motor Car C« 





iny markings stamped ¢ 
pment for the purpose « 
differ widely, as no fixed 


There 
marked 


number ol 


but 


are a 


them 


upon 


have been identified and tagged, being carried on Rock Island Arsenal 
Form SF104 by description; in such cases the arsenal is instructed to 
assign a symbol to such items under any system it may have in us¢ 

provided that where several items are identical and used in the manu 
facture of the same component, the same symbo] will be used T) 

symbols so assigned will be considered as the permanent tool symbol fo 
such items, and will be so used for the purposes of this record, and 
proper notation should be made upon the R. I. A. Form SF104. The 
tool need not at this time be removed from storage for symboling. but 
will, whenever withdrawn for use within the arsenal, or for shipment 
be properly marked in such manner as will remain permanent The 
tool symbol will be shown for all items of equipment entered 


these records. 





(k) Tool Drawing Number. This term will be understood to rete 
numbers or other identification markings used on drawings, tracings 
and prints, covering the design and construction of manufact 
equipment. In general, patterns for component parts of vel en 
terial were made from standard ordnance drawings, and these aré 
to be confused with tool drawings as defined above; however i 
where, on account of peculiar construction of pattern, the contract 
have made special drawings to facilitate the work, they w 
as tool drawings for the purpose of these records. Tool drawing 1 
bers will be shown for each item entered in all cases where such dra 


ings are available. 





(1) Quantity. As used herein quantity means the number of | 
or items In noting the quantity of equipment of a given kind 
items of similar design, construction, and dimensions, and bearing tl! 
same tool symbol, will be counted, and their sum stated as the quantity 
On this particular point, the actual working too! or item ad be cor 
sidered, and the fact that in the case of reamers some might iv 
handles attached while others are identical in «very respect. car 


same symbol and are used for the same pu 
be 
If 


some 


sufficient 
the 


esse 


cons dere da 
the 
instances 


handles, should not 


quantity. 


a 


separate in of 
work, it 


fact may 


judgment 


should in appear 


be made under “Remarks.” The 


on these records will be shown. 
(m) Condition. This term will be understood 
item of manufacturing equipment is complete or 


quantity of 


rpose but are w 


for listing 


reason 


person supervising the 
ntial, notation of su 
all items entered 


to 


incomplete, 


indicate whether 


and in the 


ORDNANCE 








case of equipment in a semi-finished state the time 18 
stopped, will note same as semi-finished, giving approximat of 
completion in percentage In the notations made under t ng 
the fact that some minor piece which can be easily and q ’ ed 
at small cost may be missing should not be considered 
son for noting as incomplete, but in cases where son 
part of such item is broken or missing, notation should ie 
Condition ind further facts giver nd Remarks 
should be given ft i items entered ssumed 
able tems are scrapped at time tools a ns 
n Material. This term w be nterpreted litera 
ed n con! tior vith pattern and v ed cutti 
Patterns ill be indicated as being « d, mcta 
n proper upply to the iter n qu 
Cutting tools. when kn n to } ‘ S} 
notation ente a i this heading a H. 8. 8 
‘ Des Function I oul 
t i n I nd sufhcient d give! y 
‘ : ‘ equipment and t ilar u 
s for : 6 rs ‘ d prod 
ompone! g d f¢ he te I tl 
1 ar ottor the 
nd ted ; ossible confusior ot! 
mer ir I ti ar purpost v! i stat 
rom < g sed on the same ri onent I nd 
inctie tated the ase ¢ equipment ents 
I 0 VNumbe Phe tert peration numb 
gnating ft ( I ot the vari 0} ations on 
ourse « mar t but the ist the manutactu nt 
which tlh ord pertains by nm ur in 
H« i n value I ari 
nt t i f and ior possib r us n 
engines ng I ( ( records, and V t zg en in t 
tent ormation now ava Rock Island ! 
—w 
q i pee ‘ ( VU aching ls if) | term 
the kind of machine toe drop hamme I or other 
machine-shoy quipment in conjuncti th which the i iter 
sted in tl record were designed to be sed, as, for exat 
milling fixture might be of such s ‘ orm that it could not be used 
ipon a m gu hine of other design « size than tl kit wi 
t was original designed n which ¢% t S very es 
nformation as to the type and size « hine used o1 
There are a great many items which, with little or 1 alt 
ition, could be ed on the ordinar nachine-tool eq any 
iverage machine shop, and in such cases will not be nt te 
give information under this heading, but n genera 
formation is available, it should be given for all items 
r Additiona Equipment From. The term will be int ‘ 
ally, and under this caption will be shown the name of a ntracte 
or contractor ther than noted after caption “Contract f é 
engaged or sin ir project and whe ipon the terminat f the 
contracts, turned in the manufacturing equipment. As thoc 
ised by various contractors in the production of simila miponents 
differed material]; t is not considered practical to coml 
of all equipment tor the same project, and the notations 
ditional equipment to bave been turned in by another ! vcture 
it once guide the person consulting tl record to ar 
t the equipm vr the part ] omy nt listed 
ic Tor T iit his requireme! 
Entry nder heading will be made « first 8 
or ont turned in tools, the word “none M 
Rem Space inder this head has bee 
t he first t ad tor t 
! Parag sub-paragraphs ind m ind 
tiona notat ' l consid i in 
here sor peculiarity « t y mak l 
oO! ad b hie mad space ri ad tor intort 
n 1 i! ! ent inspe tior ‘ ‘ pment for e@yN 
nent d r om the cent tor ‘ or ust 
making I parts ipon their ns} tic ind ret I 
notatior t made as t the i 0 the equiy 
t is wor te l in extent as to be ble « bu 
the notation should show approximate entage of 
pared with ne equipment; likewise, rey on o omy 
is been made, notation should indicate hether eq 
erviceable o ndered obsolete by suc inges In g 
this heading be entered information ertaining to 
equipment bascd upon actual inspectior 
(t) Date Original Production Ceased. Ti term as used r 
reference to t date on which the contractor completed 


reasons topped, production 


on a proj 


omponent } 
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Arsenal about 7.000 pieces additional now loaned in connection wit which also show project mtracto and component syumbo . 
current contract and possibily 2,000 pieces pertaining to armor plat compl nd by referer t } ! drawing 1 id 
Waterto Arsenal, and for the reason that much of this equipment locat 
‘ ‘bably become obsolete by reason of the development of news T value of engineering data rtaining to t manufact 
t ot mat before a her nergency may aris has been d tracto nd trailer | is app ited, but tl f | ssa 
ded that t expense incident to an inspection for accuracy of all tl for Ww king up su into tl st desirabk ! , iva 
equipment would not be justified. There are a large number of p : able at this time, therefore work along this line v oo, that 
however, which will be used from time to time in the manufacture ot of merely filing and preserving in the form existing Da 
parts, and it is also reasonable to assume that as some improve consists of route sheets ndex ecards nspection data sheets f 
nents are made in present designs of material, and such equi nt is tion of material, O. O. Form 5817. records of weights of va 
used in manufacture much will remain serviceable for several years ponent part and miscellaneous information, the extent at 
The purpose of the inspection record is to have available in cor data diff lifferent projects 
venient form for quick reference, data which will make it possible to Folders ticab and la mark P 
determine whether or not equipment can be used As a basis for use I r rig Project to whiel » Aly 
this connection, it will be assumed that unless specifically noted otl (b) Cont manufacture the data tins 
ill equipment entered upon this record was serviceable as show: (c) brie . ntained in folder 1 ce 
inder “Date Original Production Ceased; any information obtained b of inde: vy tied in such mat soil 
heck of equipment with lat be noted under the head damage or loss, and will have attached either a tag or 
ngs “Drawing Revisio1 and ‘“‘Remarks.” marked with the same information as in the case o 1 
n general, e1 s \ be made on the inspection record as tl i With reference to Fitin Pro nd Contract nly n 
tion of equipment is made for use in the shops or example sider 1 cationed in f iccorda ther ¢ 
issul l tha n order has been placed with the arsenal to manuta t ng ot tool drawings N referer mad ng 
ture a nun of parts « 1 certain revision date nspection of tl data on mat acturing equipment rds. but a sheet ‘ 
equipment w be made to see that the tool is suitable for us n making ind inserted in the manufacturing equipment records for ’ utra 
the component ordered, and if the tool is found suitable for use the re tor on each project, stating whether or not ngin Y . 
‘ dat drawing, in accordance with which t ) taining ivaila ind } t cons 
‘ 1 tered in t lrawing 1 sion columr nd tl lat ’ I led that t e7 i I is 
ns ; le da ecvte n cas here s P . * 1 +) - _ ee 
ler | ul lrawing re i ! t at ft tl! ‘ 
’ + i} tig . rs 7 nds } 1 fa oO - 
may nen tha . ¢ +} ema n her o r ] ID ? } 
a I yr t tl S 1 s ot ju \ Vi » % } 
b ‘ ler tl ) I Remark 
Dra R ‘ | s ft I Ss sed i 
ivewine 5 to the oriniz 1 Peocurement of Military Supplies 
LJ 10, 1918 | 
har ! yg ’ 191 l his ad \ ‘ \\ y 
i g v I l 191s y j l 
s } i g S R 
8.9.18 nad N 11-1-12 expla i \ ) 
De ] t This r to tl 
. ’ Ex ‘ ud P 
~ T ‘ I i ph i il N 
\ Vanus furin Equi nt Reeord Si t \ - \ » \ , 
nit post nders t} ' o inne? , 2 y . 
b id t ! t t ord ¢ l ment ining t t i i ‘ i I 
binder »)) Records will be kept separate v ! t ganiza : 
. : t 
ontractor ft ge it 1 n t red r) \ ra 
rd w be filed t eferer to t dnat ) I 1 W v \ Ss \\ 
— mun . _— } ase he 6 lt ) , ils z . 
rd ¢ t iipment pertaining thereto would | 1 | l g t 
hich should 1inly marked on the outside, and t sir ler tl ( , 
ther s rated t l > sectior ! k s tiv i ! I it ¢ t t ist ! . ( 
Maxw Motor Co \ Dorr ron Wks. ¢ ind **€ L. B d ) i h t go ment a ting { 
Gas Traction Co the three contractors who worked o ject { init ; te led 
4 small cire g nted « the nper right-hand oe ° 
heet, in which, fo nvenience filing, will be inserted the ¢ . the 
! t } nur » wl | quipment ted yn t s \ > ! t 
Li? ‘ ? liet "I itive 
- < : , ame nro where ther vas , ) Co le S Fa ‘ tl rel ‘ ‘ whe 
' = vhen the total quantity of equipment is not large, the , ha a , la tant ( Hark B. Ferguson. of corps 
o ob filing mo in o1 proje na bind led t ‘ ! The w autho e detail to the ffice of tl \ssistant 
l b irked to indicate tl ict and tl re is are rl s t roi the branches ¢ t army engaged n } rement 
d th offi and « , P o7 is may be aut d by 
WW ith é t to the preservation fi g ot a ng tra g S t Wa i! ! ‘ here th o7 omer he 
ind print of tools os ind fixtures t has been de ded to have the det or trot the quartermaster coerp med ! lepart 
retained at Rock Island Arsenal; the method of filing to be as follows nt of engineers mrdnat department, chemica irtare 
i Drawings, et will be folded to the approximate size of 1 sery gnal corps and a vies Col. Morgan I! Brett already 
hes by 14 inches (11 inches by 14% inches being maximum the has been detailed from the ordnance depa nt iT t selee 
nked or printed face in all cases being folded in to protect from light tions have been made of representat of other branches. 
} After folding, the sheet will be legibly marked on the upper Volumino records pertaining to the methods emplo an @ 
right-hand corner with (a) the Project to which the tool equipment ordinating industry with the government during the war are i fil 
pertains: (b) with the name of the Contractor from whom the equip and the show the methods employed and disclose the erro: iade 
ment was turned in ( the Ordnance Component Symbol of the part Among the most valuable of ther perhaps are those of the ¢ 0 
to which equipment pertains (d) the Drawing Number of the tool National Defense, which wil! be available to the office of the Ass stant 
drawing as appearing thereon Secretary of War, of cours An immense amount of statistical data 
(« Drawings will be filed in legal size filing cabinets by ordnan: information also has been accumulated in the historical ’ 
component symbols in their nt cal sequence for each project, mak statistical and other divisions of the various branches of t army 





ing a separate file for each contractor Washington Post. 
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Is quite venerally reputed to have been the | 
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field artillery weapon then in use. 
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A Comparative Study of American and French Divisional Artillery 


iO-nim. Gun Carriage, 


Model ol 


D. A. GURNEY 


LI8O7 ( French 


used by the French and American armies during the 


Wa 


wl 


hyvdro-pne 
aye ion 


and familiarly known as the Soixante-Quin; 


eved to be due principally to 


1c 


recoll 


mechanism 


used 


est Type of 
tavorable 
Tact 


thi 


rep ta 


the that the 


on Ss carriag 


reliable than the hvdro Spring mechar Isthi used on 


Was lore 
the British and German fiekl carriages, and the single-trail 
aXit t erse cCarriace F 
simpler » «pre rate and = re 
pall do cheapel Oo Con .) 
struc he } 2 
pe, as ed ol ( al 
fF ( riage Mao ‘ 

t) 

\ ( ov } 

g ‘ euities ‘ YT; 

he reco 
s his ‘ 0 
, 
= ds | ” I Fr S 
inst ! ile i else 
ere eurriaee propel ~ ( ? eNS\ y)] ‘ . 
POPs ! This irri’ us nutactured =< 0 
qui tv during the war, and ere ‘ ’ oa * 

d and overcome in the manutacture thre ra WW 
sShotot simple torn nd in the manutaeture of the roe 
ers and operating mec nisms 

At he e«lose ot the wal in attempt s made 1, 
Westerve Board to obtain a consensus « opinion o 
artillery officers of the various eountries as to what sho 
tonstituie an up-to-date carriage for the leht field N 
Upinion was not at that time definitely ervstallized, but a 
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The New American ‘‘Seventy-Five"’ 
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“Seventy-Five vs. “Soixante-Quinze 


the nations had experine nted to a Yarving degree in ti r 
to develop a carriage having greater elevation and inereas« 
range and a wider field of traverse. As a result of its i 
vestigations the Westervelt Board drew up speciheation 
or an ideal gun which should be about 3 inches in eéaliber 
with a maximum range of 15,000 vards, a vertical ar 
fire from minus 95 to plus 80 degrees, and a horizontal ar 
of fire ot 360 degrees, and stipulated that it practicable the 
carriage should be designed to mount either the rit el 
gun or the light field howi 
a | erchangeably 1 hese 
Spe cu mis were Ct ( 
as [he tbisis ¢ he «des 0 
he 75 (} ‘ O5 
How ! ( ! ( 
M ‘ 120, ( 
Caliber oar sie 
! Vi ~ ) 
( ( l ve heme ‘) 
rret | SOO-« rer 
-Q ( ( bye ) ‘ 
1) ‘ ~ 
Pippa Je tor any conventior wv of earriag 
drawn by horses Four of these eéa ves, two } o 
he 75-m held gun and two mounting the 105 
er, have alre ad been conipleter » and W SOU! we Teste i 
\berdeen Che total weight ot the ¢ enrriag ini Y 
s about 4.800 pounds, which is considers wm ore 
> art ery 
As an alternate to the split-ti curriage above re 
», design of a single trail earriaeg Model o 2] 
70-lum. gun of the same ballisties as the 75-mm. wun, Mod 
I 1920), has Deel completed and one Currie Ss how 
anutacture, which will be available for test this eo 
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summer. This carriage has been designed with the idea of 
making it as light and as simple to manufacture as possib! 
and it is expected that the total weight of the gun, carriage 
and limber behind the team will not be more than 4,000 
pounds. 

The gun is known as the 75-mm. Gun, M. 1920MIT, is 42 
calibers in length, fires a shell weighing 15 pounds to a 
range of 15,100 vards with a muzzle. velocity of 2,175 foot 
seconds, this velocity being obtained with a supercharge. 
The normal charge for this gun will give a velocity of 1,500 
toot seconds. The weight otf the shrapnel is 17 pounds: the 
shrapnel velocity has not yet been definitely decided upon. 
The gun, of chrome steel, is provided with a breech mech 
anism ot the horizontal sliding type, and weighs 945 pounds 
mechanism is hydro-pneumatie of the St. 
length of 
Due to the fact 


and due to the 


The recoil 


recoil being constant ‘Z 


that the elevation has been limited 


Chamond type, the 
inches. 
location of the trunnions. 


of the eradle 


to 45 degrees, 


situated at the rear end just 
of the 


recoil, thus reducing the size of the 


which are 


tront breech, it has been tound practicable to us¢ 


constant eradle ma- 


terially as compared with the 1920 model, with consequent 


reduction in weight and greater simplicity. <A spring 
TRAJECTORIES 
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600 YPs. 
15100 YDS. 
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75m.m.GUN M.192! (BOX TRAIL) 
—-—— 75m.m.GUN M.1897 (FRENCH) 


The New American “’Seventy-Five" has twice the range of the Frenc! 
*’Soixante-Quinze 


eqwilibrator is provided underneath the cradle, which is de 
signed to overcome the unbalanced moment of the tipping 
parts, thus proMiding comparatively light handwheel loads 
The carriage is provided with the independent line of sight, 
which is accomplished by means of rockers, one on either 
side of the eradle pivoted at the trunnions. These rockers 
carry large spur ares at their forward ends. Pinions ean 


ried by the cradle mesh with these ares, and are rotated by 
means ot an elevating handwheel situated on the right side 
ot the By rotating th 


handwheel the earriage 


carriage near the range drum. 
is brought to the proper elevatio 
A second pair of spur pinions mounted on 
in the trail very nearly underneath the trun 
This shaft 
are rotated by an angle-of-site handwheel situated on the 


By rotating this handwheel t 


lor range. 
shaft located 


nions mesh with these same ares. and pinion 


++ 


left side of the earriage. T 
rockers are leveled when indirect aiming is employed or 
they are used to lay the sight on the target under the con 
direct fire. The standard 

a bracket located on the left 


provided with a eross level for correcting the azimuth err 


dition of panoramie sight i 


mounted or trunnion. and is 
due to difference in level of the wheels. 

The carriage is provided with axle traverse, which is ob 
tained by shifting the front end of the trail transversel, 
along the axle by means of a screw and nut operated by 
means of a traversing handwheel situated on the left side. 


The axle is of simple I-beam section, except for the axle 


arms, which are of standard design. The wheels are 48 
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inches in diameter, having 3%2-inch solid rubier tires 


Standard 56-inch wheel hubs and standard spoke shoeg ay 


provided, The estimated weight of each wheel is about 239 


pounds. 


The trail is construeted ot 2 flasks which are OX see. 


tion, the flanges being formed in such a way that no ingide 


riveting is required. 


The flasks are perfeetly straight froy 


axle to spade, and are tied together near their Lront ends 
by the bracket which supports the angle of site pinions, ang 
at their rear ends by the spade and tool box \ear the 
front end of the trail, triangular shaped brackets Sup. 
porting the trunnion bearings are riveted, and trail ig 
provided with the eustomary seats lor the eann ers who 
operate the elevating and traversing mechanisms. No axle 
seats are } rovided. Band brakes, ope rated on bi drums 
earned by the wheels, are controlled by means brake 
line, which extends to a point near the rear ot the 
trail and is operated through small cables by : noneer 
seated on the carriage limber. 

The main shield is seeured to the trail and to rack. 
ets supporting the trunnions. <A folding apron is situated 


inderneath the trail, and top shield, whose position js 


ymonie 


means of hinges operating on th 


ontrolled by 
This top shield 


= SO ar- 


windshield principle, is provided. 


ranged that it may be folded down over the rami 
sight hood. thus permitting the use of aiming points 
throughout 360 degrees of azimuth. 

It should be understood that although the 75 . Gu 


Carnage, M. 1920. as designed weighs about S00 pounds 


more than the expected weight of the M. 1921 carriage, 


creat deal of this exeess weight ean be eliminated bya 
proper redesign. The split trail carriage is really a ear. 
riage for the 105-mm. Howitzer, and it is estimated that 
bv using the same gun and eradle as is used on the bor 
trail tvpe and limiting the elevation to 45 degrees. a split 


rail carriage ean he designed having 30 derrees yr more 


traverse whose weight will be not more than 390 pounds 


over that of the box-trail Type. 


A tabulation showing the various characteristics 


75-mm. Gun materiel, Models of 1897, 1920 a 1921, 
follows: 
e , - ‘ 
aa7 1 19 2 
Frenc} S 
4.5 _ : 
VW 
Ld 
AF le 
- a 
M o ‘ 
nal oY 
ds ao 15.100 15.100 
Ma evation possil 
Maximum traverse (tota - 
on i ag 5 . 
Weiss of ab Ibs 19.9 15 ; 
Weight of shrapnel__lIbs if 17 i 
Norma ] eth of re 
nch 17 i 8 
Weight of gun and 
} hon } } l l 242 45 
Weight n g I 
ton 887 f 8 
Weight of gun arriag¢ 
} } 4411 5. : 






























































Fina 


G 


ends 
» and 
the 
sup- 
ull is NASMUCH as the track-laving tractor is ess 
wh motorizing field artillery. it is believed that the foll 
axle Ing study of certain steering mechanisms r suel ra 
rums tors will be of general interest 
rake It is proposed to compar the relative ‘ res o] ( 
the types of steering mechanisms as follows 
— D ferential 1 (pre ( i ewure 
In this type the driving sprockets of the two tracks a 
rack- connected through a differential which is driven bv t] 


x t ] . ‘ +? ¥ 
ner ex Similiar to automopbile 


motor in a man 


mis MM construction. Separate controlled brakes are mount 
iobil on the two shatts, and steering 1s accomplished by applying 
0 ar- he brake on the side toward which the tractor is to bi 
¢ iy 
Gun 
yunds Y i 
ore » 
by 3 
car 
that : 
hoy s 
split : \ 
| 
ir - 
unas . 
a fon , { “a , 
yj = ~ 
- > 
\ 
I 
turned. Hereinafter this tvpe 1 be bri eterres 
the “Differential 
75 ‘Planetary’ ] a i erentia lw ieure 3 
In this tvpe planetar rearing 1s applied to the differ 
in such a way that when a brake is applied o1 
planetary system the two sides of the differential and, e« 
” : . . > 
sequently, the two tracks are driven at a fixed speed rati 
lo each other. A brake on one side turns the tractor to tl 
nght and a brake on the other side turns the tractor tl 
other way. Hereinafter this tvpe will be therefore referr 
'0 as the “Planetary.” 
“Holt” Separate Cluteh-Drive Type (Figure 3 
“ In this type a separate clutch is applied to the drive t 


each track so that the power may he applhed to one side 


only when desired. eeparate ly eontrolled brakes are in ad 


fiion provided to produce turning. The 5 and 10 ton ar 
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Drive for Combat Vehicles 


R. PENNINGTON and S. K. WELLMAN 


r - ire Oo [hls pee hese wel 
hie ginal Holt tractors. this tvpe will hereinafte1 
elerre s the “Holt.” 
‘ ‘ id {pe | ule 
. . 
J > pe eltnel ‘ { e ‘ nadem e] 
e} either of two sele Tom rakes ng p 
aed Vise oO at aependel on eael rack 
he ‘ 1920, 2% ! I e) ctor 1s nis 
| - ractor two ¢ itene il e¢ Ol ( 1 
=! s tor high speed and f ier tor low spe 
BB ‘ ne hot] high Speer 7 a Ie \W speed ( 
pece he ractor is ! ( mntrolle B 
TO MAIN TRANSMISSION 
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© n-speed and one ( eed elutel 
ol xed radius towards the side in low. By engag 
( ( eh one side and appl ¢ the brake on 
ihe { | or W | ul Ol | oLrner side is a fixed ol 
| ( e ¢ brevity his a nereinatte! ( 
re rhe 2ho-tol 
| rele oO SlNplity he com) rise he fo I vine oO 
steering mechanisms, four tractors w assumed to be o 
j weleht, having 1ddentieal motors, running at the sam 
speed nad torque, identiea tots rearing reductions 
denti efiqiencies, but with the four different types 
steering mechanisms under consideratio These tra l 
will be eferred to as above noted as the “Differe: 


. “Holt” and “2%o-tor 


of these tractors w Y 


compared 


l. Variat tractive lorce 
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This is detined as being the foree exerted I the tracks 
the 


1 


against ground. (The draw-bar pull being equal to 


torce less the foree needed to move the tractor itselt 


this 


2. Ease of control. 


The following possible conditions are considered : 
(A) When running straight ahead. 
(B) When running on a large radius. 
(C) When turning on a short radius. 
(D) When turning with one track stationary. 
Variation of Tractive Force 
A Running 


l. The four traetors will obviously 


} 
Straight Ahead. 


travel at the same 
speed, and exert the same tractive force on even dry ground. 
It, however, one track is in a mudhole, and the other track 


only has traction, the result will be as follows: 


2. On the Differential and Planetary, the track which has 
no traction will slip, and the other track will receive 1 
driving foree except that caused by internal frietion. 

Note 


loe¢king differential as in a 


This effect ean not be overcome bv the use ot 


Nash Quad, for the reason that 


le steering depends on the free action of the differentia 


It hich internal friction elves pa tially the effect ot a loc 


ine dilferential, this high frietion will eause loss of pow 


n turning. posit 


The only remedy would be a é ( 

vi ch would not he convenient 

® On the Holt and 2'o-ton tractors, the track Y 
raction will take the entire torque from the motor. In this 
respect the Holt and 242-ton have an importar ly 
ver the Differential and Planetary tractors. 

B) Turni na Wide Radius (as in ordina 

na 

l. In the Differential and Planetary tractors it is neces 
<uryv to apply the brake on the drive to the inside t 
vhich results in a dissipation ot power in the form ot 
Che amount so lost in the Planetary is less than that lost 

the Differential, beeause in the former a part ot 
raking ftoree is returned to the outside traek throug 


’ ] t . ) 
plane rain. 


tary 


2. In the Holt and 2%-ton the elutch to the inside tra 


s disengaged, and the drag of the load produces the neces 
sary turning. 

Vote This is not true altogether when the traetor is ru 
ning on a good road, or without load, but at such tim 


there is no disadvantage in applving the brake to 


turning. At times when the tractor is straining its utmos 


++ 


to pull up a steep grade, or through sot 


ground, 
tor will turn as described without the necessity for app] 
ng the brake with consequent loss of power. 

Holt 
tractors thus have an advantage over the Differentia 


This 


when 


3. When turning on a wide radius, the 


Planetary tractors. advantage, while sma 


appear at the moment maximum power was eéall 
for, and would permit the Holt or 2%2-ton tractor to tak 
turn on a steep hill whieh would just stall the Differentia 


or Planetary tractors. 


(C) Turning on a Short Radius (which is taken equal to 
the Planetary’s shortest turning radius and the 21, 


ton’s turning radius with one high speed and 
speed clutch engaged). 
1. In the Differential tractor it is necessary, as it was in 
a turn on a wide radius, to apply a brake on the drive to the 
inside track with consequent loss of power dissipated in the 
form of heat. 
2. In the Planetary tractor the brake on the drive to the 
inside track is locked and consumes no power, the braking 
force being transmitted through the planetary gears to the 
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outside track with only such loss as is incident he oper 
7 f 
tion ot the differential vears. 5 
*") 1 ‘ ’ } ] ( 
3. In both the Differential and Planetary the outside trae 
, I 


is accelerated by the same amount that the 


retarded. This is equivalent to reducing t! rear rat 
from the engine to the outside track, and si lus 1s the 
track which does the drivine, the effective veal tio of the 
tractor is reduced. This means that at the moment whe 


the most tractive force is needed to overcome 
sistanee to turning there is the least availabl 


4. The Holt 


consequent loss of power, but the 


tractor turns by braking o1 ) Side wil 


outside trac ecelves the 


power of the engine, and at the 





full same geal luetion as 
in straight running. The tractive force is, ore, t 
same as In straight running 
5. As between the Planetary and Holt, we have, there 
fore, the greater efficiency of the former offset by the more 
effective ratio ot the lattes The degree in whi hese tac 
tors will offset each other w depend upon road conditions 
and can not be stated detinitely It is sat sav. hy 
ever, that the practical difference in tractive ft ree Ss 
erea 
( The 2 »-ton urns DV al ! one rae ‘ 9 
‘ cl! speed ind the the rael tie ow spee 
A retarding torece necessary on the insid 0 Gaus 
e is transmitted roug he geari ( 
l ) appreciable loss ihe e rl ‘ 
o e outside, or dr o, traek ret : 3 
;, > straight aheas 
a 215-ton thus « es ‘ i 0 ) 
Plat he Ho rning 01 : : 
( ( reatel r ( ree ! r 
ree tractors te 
a). 7 0) j ‘ na 
i | , Ss « 1s 
with ase af « - sneh } a" s is requires ate “ 
ditferer Feud The eg o tro. 5 
OUts r al ne, tread evel rec é 
hat straight running, ai e tractive : re 
educed below half that of straight running . 
?. The Planetary tractor not tw ‘ 
5 onary 
In the Holt and 2'o-ton power Is los el as 
and tt l rue e engine 1S trans f pu 
side, or driving racl ne same wea re ( » $ thi 
straiv! running rie thie rere ve ree S ~ ( ~ the 
straight running tel 
t The Ho ana 21, ‘ ‘ ereltore eXel re ul wh 
Twice ne tractive ore Ditterent il g n¢ 
with one traek s itionar mm, 
>. Furthermore, the Holt and 2'o-ton have a mportant ari 
ad antage ovel the Planeta is the latter can not turn al ho 
a vith one traek stationary This advantage appears (B 
W hen It.1s 1} ecessary to move very heavy loa rhe Ho ] 
or 2%-ton ean lock one track and apply the full tractive san 
foree to the other track. As the draw-bar 1s midway be- po 
tween the two tracks, receives this tractive toree mutt: an 
plied by the ratio of the lever arms from the p oted track, D 
with the efféct of approximately doubling the drawbar pw ; 
By alternately locking first the left and then the right-hané ' 
tracks, and throwing the power to the other tracks, the Holt = 
or 2%-ton will be able to pull a heavier load under difficult Re 
conditions than the Planetary could move. re 
Summary (variation of tractive foree). qua 
1. The Differential tractor is inferior to at least two tow 


three tractors under each condition considered. Sun 
straight running will los T 


the other 


2. The Planetary tractor in 
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FINAL DRIVE 


On a long radius it 


Is see 


f one track slips. 
ond to the Holt and 2'o-ton. 


| the Holt, but will not equal the traetive fore 
‘ 


tractive I 
On a short 


may not ¢ 


TCH BRAKE 
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ARTILLERY TRACTOR 
Fig 
the 2! fon. It’s inabilitv to turn on nxed radi 


vakes 1t unable to pull as ng a load as the Holt and 2! 


ton In emergencies. 
3. The Holt 
terrain than either the Differential or Planetary tractors. 
4. The 2! 
| cireumstances, and will deliver a greater drawbar pu! 


tractor will pull a heavier load over difficult 


»-ton tractor will equal the Holt tractor unde: 
n all turns which require a positive braking action on th 


inside track and which have a radius not less than that of 


the 245-ton with one high and one low-speed clutch engaged. 


Ease of Control 

A) Running Straight Ahead. 
l. The Differential and Planetary depend upon the balane: 
f forces within their differentials to keep them running 01 
a straight line. When, therefore, inequalities of the ground 
put more resistance in the way ol one track then the othe 


} 


this balance is destroyed, and the tractors will turn towar« 
This 


tendeney is very evident in commercial tractors of this type 


the side where greatest resistance is encountered. 


when plowing, as the operators must manipulate the steer- 
ng gear frequently to keep them running in a straight line. 
2. In the Holt and 2%-ton the two tracks are positively 

lriven at the same speed, and these tractors therefore have 

no tendency to turn from a straight line. 

(Band C 
1. The four tractors would handle with practically the 

same ease, provided that in the design of the eontrols the 


Turning on a Large or Small Radius. 


possibilities of the respective mechanisms were developed to 
an equal degree. 

D) Turning with One Track Stationary. 

1. This ean be accomplished readily with any of the trae 
tors except the Planetary. 

-. The fact that the Planetary can not turn with on 
track stationary is a disadvantage worth considering, as th 
ability to so turn is a great help in mancuvring in close 
quarters, and when hooking up to a vehicle which is to be 
towed. 
ase of Control) 


The Holt é nad 


Summary | | } 


214,-ton would have an advantage over the 





FOR 


radius it may or 


COMBAT VEHICLES 32 


Differential and Planetary due to their natural tendene) 


run straight ahead without requiring anv effort on the part 


ot the operator. 
The 24-ton has an added advantage in that it can 
started en low, thrown into high, turned on a wide rad 
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Fig. 4 
vhen manc@uvering in close quarters, stopped and brak« 


] 
ocked 


trom the controls. The 24-ton has therefore a more flex 


ble control than the others. 
Conclusion 
It is the 
he Holt 


opinion of the writers that for military s¢ 


steering mechanism is the 


most 


considered for heavy and relatively low speed tractors, and 


hgeht and relative 


The Planetary mechanism is believe 


he 2} mechanism is the best for 


ugh speed tractors. 


2-ton 


to take third place for either character of service lr} 


Differential mechanism should not be considered at all 


M. I. T. Course for Ordnance Officers 


The Ordnance Department has just completed arrange 


Te hy 
wherebv a special course » vear will he condneted 
whereby a special course of one vear will be conducted 


This 


ments with the Massachusetts Institute ol 


otticers of the Ordnance Department. 
with 
chanies, includes in it subjects given in the regular courss 
offered by the Institute in machine-tool design heat eng 
neering, 
ordnance subjects: 

Ballisties, Chemistry, Opties, Theory of Elasticity, Gu 
design and design of other ordnance material. 

The Ordnance Department is pursuing the policy of hol 
ing a large part of its vacancies to be filled by transfe1 


detail from the line, since in this way the work of the de 


partment can be kept in eloser touch with the point of viev 


and requirements of the line, a contact which is essenti 
but which will be more difficult to maintain as the propo 
ion of appointments Irom civil life inereases. 

There wiil be a number of vacancies in the Ordnance De 
partment after the appointment of the suecessful apple a 
examination tor appointment of secon c 


April 25, 


who took the 


tenants from civil hfe so that apphieatior S 


detail or transfer from officers of the line who possess 
neeessarv qualifications will continue to receive favorah|] 


‘ 
ction. 


eourse start 


electricity, and special courses in the following 


7) 


without requiring the operator to remove his hand- 


suitable of thos 


a review of advanced mathematics and applied me- 


\ 








RIOR to the World 
track-laying or eaterpillar vehicles suitable tor 


America’s entrance into 






roduction and Inspection of Artillery 
Tractors 


By 


NORRIS W. OSBORN 


War, 
ar- 


tillery purposes were being manufactured on a rela- 
tively small seale, and the manufacturers of vehicles of this 
type were not prepared to expand sufficiently in the limited 
time to produce the great number of vehicles required. 


Contracts, therefore, had to be le 


to other commercial or- 


ganizations who were equipped to handle similar materials 
or who could, with slight modifications to their plant. 


adapt it to the manufacture of artillery tractors. 
count of the food situation 


it was not considered ad- 
visable to interfere with 
the production of farm 
tractors and the automobile 
manufacturers were the 
next most logical pro- 


ducers of war tractors. 
1917, 
there was an unanticipated 


In September, 
demand from the A. FE. F. 
for a tractor of 
9,000-pounds weight, which 
was not in production in 
the United States. As a 
result of preliminary tests 
of some old experimental 
vehicles at Rock Island Ar- 


abou 


senal on November 9 and 
10, 1917. the productio: Experimental 5-ton Artillery 
of the 5-ton tractor was 
decided on. As soon as the general characteristies were «le 


termined, orders were placed with the Maxwell Motor Con 
pany of Detroit, Mich., and the Reo Motor Car 
of Lansing, Mich. The first drawings for the experimenta 
vehicle were released on November 29, 1917, and the | 
1918. 


ompans 


drawings on January 17, Three days later, at th 


Maxwell Motor Company, a finished tractor was operated 


under its own power, demonstration of which indicated tl 
the 5-ton tractor was to be a success. 

In order to produce this entirely new design of tractor, 
was necessary to desig 
dies in order to go into production. Due to the weight 
the vehicle and to its component parts being heavier tha: 
similar parts used in pleasure cars and trucks, it really 


meant overloading machinery intended for manufacturing 


pleasure cars and trucks, and required a very careful stud) 
of the equipment at the Maxwell and Reo plants to deter 
mine what additional equipment was needed. 


and the planning departments of both concerns laid out 


new assembly lines and general routing of parts to meet the 
the rear- 


This caused 


requirements of the new product. 





last 


tools, jigs, fixtures, patterns and 


Additional 
machinery to handle the extra-heavy parts was procured, 


2 
») 





On ac- 





Tractor, built in 29 w« 


24) 
1 


rangement of the all machine equipment, 
the erection of new tool eribs and stock bins, and a com 
plete new method of routing. The Maxwell and Reo Cop. 
panies actually manufactured all production tools, jigs, fix. 
tures, patterns and dies, but in order to guarantee aetyyl 
interchangeability of parts between Maxwell and Reo made 
tractors, the gages were contracted tor with gage manufae. 
turers, the same manufacturer furnishing both companies 


greater part ol 


with identical gages. 
Extensive tests were carried out with the first experimen. 
tal and, although 


it was ot a new design, 


tractor, 


very few mechanieal 
changes were necessary. 
The armor, whieh was 


rather eumbersome, and 
the driver’s seat, whieh 
had not been placed to the 
best advantage, were prae- 
tieally 


the only two com- 


to be redesigned 


ponents 
These modifications in a 
affected 
the preliminary 


drawings 


way production, 
and atter 


produetion 


were released for tooling- 
up The experimenta 
Lractors were @iven severe 
road tests that lasted for 


months after the drawings 
had been released for pro- 
duction, in order to deter- 
or not there would be any defeets that would 


rking days 


vehicles atte? they were issued to the 


1918, the tooling-up was completed and sufi- 


that produetion could be started 
‘st production tractor left the assembly floor on June 
the Chalmers Plant of the Maxwell Company, 
and shortly after this the first production tractor was com 
The production rapidly inereased 
10 tractors pe 
62 on No 


aterial reeeived so 
e ill 
9, 1918, at 
pleted at the Reo plant. 


at both plants, up to a joint production of 


day August and a maximum produetion of 
vember 10, 1918. 
When one familiar with factory practice co siders the 


actual date that the design was started and appro ed by the 
Ordnance Department, and that so little was really know! 
this is considered a remarkable 


about al tillery tractors, 


Nn- 


feat, as the average automotive vehicle is several years W 
der design and consideration before actually being put oDé 
productive basis for the market. 

In addition to contracts for 5-ton artillery tractors, the 
Maxwell Motor Company also had contracts for transmis 
sions for the 10-ton artillery tractor as manufactured bs 
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PRODUCTION AND INSPECTION OF ARTILLERY TRACTORS 





ss 
2 
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anufacturing Company and the Chandler Motor sist the contractor in the production of the commodity 
ny, 6-ton tanks complete and miscellaneous 2)> act as the medium between the Ordnance Department ar 


vy tractor parts. 


the contractor, the ultimate results being greater production, 


x ‘ 

y “The vehicles, spare parts and accessories for which pro a more uniform article and the Government having complet 

e posals are invited must contorm in quality ol material and records ot each article tor tuture maintenance and eng 
workmans! ip and in dimensions and assembling to the re leering purposes. In times of emerge ey, deviations from 


quirement § 


actual 
made 
1ufae- 
yanies 


imen- 
hough 
esign, 
anical 
ssary 


was 10-ton artillery tractor transmission under test 


and 
whieh 


th 


‘ 
Ww ue 
ail covers i 
prac- 
t a‘? 

; to be DU 
com 


which is the 


given on the drawings and in the specifications drawings and specifications must be made, and the Arm 


Vast territor\ \ 


on a large prod 


Tie 





other articles under construction.” This short staten 


first paragraph to “Instructions to Bidders,” 


ue 


, : 1°, 
‘nh applied to a new commodlt' 


furnished r\ the Ordnance Department for the vehicles 1 Inspector ot Ordnaneée is the nevotiator between the < mn 


tractor and the Government to see that the substitutions 
do not affeet the serviceability of the article nor inte 
changeability of parts. 


t } 


( ivillan inspectors, each a speciall in his line, wer: 





hired by the various Army Inspectors of Ordnance inspect 
ing artillery tractors. Parts inspection parallel to contrac 
tor’s inspection was done primarily to catch mistakes which 
might hinder production later on if the parts were not held 
within the tolerances prescribed. The next step, and one 
ot the most important, is the inspection of assemblies. A 


ion basis. It was necessar 





give the artillery tractors a 100 per cent inspection, as the 


in : were the first produet on tractors to be bDbulll. and aceura “uNSMISSIO} tor a 10-ton traeto) weighs approximat 
ctior records were essential in order to cain sufficient engineeri 2 500 po nds, consists of 473 parts and has over 70 differe) 
inar\ data to cover all future designs. All materials, such as bar points of inspection. <A slight error in any one of 59 w 


wings 
oling- 
nenta 
severe 
d for 
wings 
r pro- 
deter- 
would 
to the 


sufi 
arted 
June 
pany, 
; COM: 
reasel 
rs per 
n No- 


S_¢ 


-te 


stock, castin 





all machine 





prime contr 





n artillery tractor m 


es and commercial parts, were inspected at the 


rolling mills, 


foundries 01 


work and assembling was inspected at th 


actor’s plant 


All material, regardless of wha 


. ; 
proper Tunctioning ot the unit. 


Transmissions were given detailed inspection on th 
sembling line and then run in on a stand at:the preseril 
oad and speed, but prot acceptanee were run fo1 : 

nutes at a 50 per cent higher speed than tha’ require 


tor under dynamometer test 





mmereial parts factories, whil 





a it was or where it came from, was checked through the re PE SE ISLES Se 

eiving rooms of the contractor, and accurate records kept. when installed in the tractor. Due to the number of aliens 
s, th Urdnane: nspeetion is not based on mere inspection of ma- working in the various plants, and the number of eases 
sms ‘erials nor to foree a eontractor to build a commodity in sabotage, every case was sealed by Government insnecto 
1 he aeordance with the specifications. The principle is to as as soon as the run was completed 
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The 5-ton tractor motors were an evolution of the Class 
“B” truck motor, the tractor motor having modified evlinder 
blocks and overhead valves. The type motors were ac 
cepted for production after thoroughly testing them out 
against the Quartermaster “B” truck motor and various 
commercial motors of approximately the same horsepower. 
Motors were never a low point in the production of tractors, 
even with the rigid inspection given them. The motors were 
inspected on the assembling line in the same manner as the 
transmission, the first assembly inspection being the main 
hearings after they had been burnished in. This method 





oe 





Inspecting tractor for oil leaks 


of fitting the crankshaft to the bearings was proven early 
in production to be a better method than the conventional 
method of hand scraping. It also gave a much better bear- 
ing surface. It was interesting to note that of the 4,000 and 
more crankshafts made only five were lost, and they were 
rejected due to not having sufficient thickness of metal on 
the flange at the flywheel end. 

The rest of the motor was inspected in accordance with 
commercial practice, and consisted of checking adjustments 
and preventing force fits where loose fits or running fits 
were called for. The complete motor was run in by belt for 
approximately four hours, then block tested with a eali- 
brated fan for 12 to 15 hours, when the motor was cooled 
off and the cylinder heads removed for inspecting pistons, 
cylinders and valves. The oil pan was then removed and 
the bearing caps taken off and the oil grooves seraped out 
and inspected. 

The motors were then reassembled and placed in the si- 
lent rooms for dynamometer test. They were allowed to 
idle for one-half hour prior to taking any readings. The 
test was then started and a complete log was kept of the 
performance of each and every motor. The average time 
required to test a motor in the dynamometer room was ap- 
proximately two hours. 

All other minor assemblies, such as track rollers, eluteh 
assemblies and rear-sprocket assemblies, were given a rigid 
inspection prior to their being sent to the main-line as- 
sembly. This was done in order to guarantee proper as- 
sembly in the tractor and to reduee the main assembly in- 
spection to a minimum. It required but one sub-inspector 
on the assembly floor, and his duties were principally to see 
that various components were not foreed into place when 


32 ARMY ORDNANCE 


an easy fit was ealled for. He also kept track the serial 
A Celia 
numbers of the various components, and was respe) sibin 
for giving the tractor its number. 


The method of assembling in the ease of the 5-to) 


trae. 
tors was to place the main frame on the line, «{te, whisk 
the transmission was put in position, followed by the track. 
roller mechanism and then the track itself, right and left 
hand sides being worked on simultaneously. The placing 


ot the driver's seat was next, and then followed the motor, 
radiator, Bendix hand starter and all minor attachments, 
Connections such as oil lines, gasoline lines and electrical 
wiring were then made. The motors were started at the 
end of the assembling line by means of a large electric 
starter, and the tractors driven to the field test-vard under 
their own power. 

The average time to assemble a tractor on the main-line 
assembling floor was 50 minutes. This would have been ra. 
duced to approximately 20 minutes had _ hostilities yo; 
ceased, as the factory routing system had been studied, and 
it had just been decided to change various routings of ma.- 
terial and lengthen the track so that more men could work 
on a tractor. The signing of the Armistice took a grest 
deal of “pep” out of the workmen, with the result that pro- 
duction slacked off immediately. 

In the test-vyard shop, the tractors were given a thorough 
cleaning with super-saturated steam to clean them of ail 
dirt and grease. This method also gave the metal sufficient 
temperature to enable it to dry more quickly than if washed 
by water. From the wash rack they were driven to the 
paint pits, where they were given a coat of olive-drab paint 
and then driven to the test shed to dry, the motors still 
running. About one hour afterwards the tractor was dr 
and was on its way to the field for a try-out. 

Tractors were under test in the field 24 hours a day. The 
estimated mileage, prior to any actual field test, was figures 
to be about 10 miles before a tractor would limber up a 
he ready for shipment, but this was soon proven to be in- 
sufficient, and up to the completion of the last tractor, few 
were ever accepted until they had travelled at least 20 miles. 
There were master-clutch adjustments, and readjustments 


l 
l 


of the steering clutches to be made after wearing-in of the 
clutch dises. A general easing up of all of the components 





Equipping and camouflaging room 


of the vehicle was also necessary. This inereased mileage 
meant that about three times the number of field drivers 
and inspectors were necessary. 

In order to relieve the labor situation, the Arm) Inspee- 
tor of Ordnance authorized bulkheads to be built, and 0 
front of these bulkheads a plate of sheet steel was placed. 
The tractors were driven on to this plate, the track oilers 
opened up and the tractors pintelled to the bulkhead The 
tracks were then put in motion in low speed and the tracks 
allowed to slip on the steel plate. They were operated 1 
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PRODUCTION AND INSPECTI¢ 


this mi ier to equal 2 road miles in each speed and re 


verse. (nly one Inspector was necessary to care for 6 trae 
tors. walking from one vehicle to the other he could 
observe the performance of each vehicle, make minor ad 
justme and also note excessive heating of the motor oi 


an After the tractor had covered its mileage 


\ bearings. 
q satistactory manner, while held to the bulkheads, it wa 
released to the field drivers for further test. 

A towed load equivalent to their prescribed load of gun 
ind ¢aissons was then placed behind the tractors and they 
were driven over irregular terrain representing the worst 
conditions that a tractor would ever be subjected to. This 
test was absolutely necessary in order to make satisfactory 
earburetor adjustments, clutch adjustments, and to test ou 
all castings under actual conditions. They were operated in 
marsh land in the summer time to load the tracks up to th 
limit with bog, sand, grit, ete., in order to locate defective 
track links, track tension springs and driving sprockets. In 
the winter time the same test was carried out in snow and 
ice at times when the temperature was far below zero. 

Satisfactory running performance in the field was not 
alone sufficient to guarantee that the tractor was satisfac 
tory. There were various individual tests to which it was 
subjected, such as test for oil leaks when the tractor was 
magrade. In order to check this, the tractors were driven 
up a 60-degree incline and held there for 5 minutes, while 
the inspector examined the rear of the motor and transmis 
sion for leaks. The operation was then reversed and the 
front of the motor transmission were noted. 

All bolts and nuts were tested for tightness, and inspected 
to see that cotter pins were in place. Fuel lines and all 
adjustments were checked, and then the tractor was ready 
for a final washing and second coat of olive-drab paint and 
delivery to the final acceptance room for shipment. 

The armor (which was in one unit) and the standard 
ordnance tool box were put in place, and the tractor 
driven to the camoutlage room. Here a process nevel 
before used was applied. Paint guns had been used for the 
two coats of olive-drab, but it did not stop at that point. 
One man marked off the camouflage design with chalk and 
marked each recess with the numbers 1, 2 or 3, number 1] 
being green, number 2 buff, and number 3 vellow. Each 


Number 1. 


green paint, painted every place on the tractor that was 


painter was given a number—1l, 2 or 3. 


using 
marked 1, while number 2, using buff, filled in every place 
After the first 
few tractors had been run through in this manner, it was 


marked 2, and 3 proceeded in like manner. 


found that women could do this work as well as men, and 
women were hired, relieving the men for heavier work. The 
black striping was done by a man at the end of the paint 
line. The total time required for assembling armor, tool 
box and camouflaging was one hour. 


Many times throughout the production of the 5-ton trae 
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tors there was a hold-up due to lack of track shoes ! 
nor, Which were the two low points throughout the war, but 
this did not hold up the production ol the tractors Ihe 
tractors were camouflaged as far as they were completed. 
and the armor was camouflaged at a later date, wher was 


available. Many times after the tractors had been praect 
cally complete, they were driven into storage shops and the 
tracks removed, so that these tracks could be applied to 
vehicles on the main assembly line in order to drive them 
nto the test vard. {ter camouflaging, the tractors were 
equipped with lanterns, pick mattocks, hatchets, ete., and 
driven aboard flat cars, when final inspection and accep 
tance was made, the tractor then being the property of the 


[nited States Government and on its wavy to its destination. 
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The finished product—- American made gun and tractor— Detroit, Mich. 








Underlying Principles of Mechanica 
Combat Transport 


By 


W. F. BEASLEY 


Member A.O. A 


N considering the problem of mechanical combat trans- 
port, the question of cross-country transport, which 
may be utilized independently of roads, is of prime 

importance. For combat transport in the military service 
everything is subordinate to the ability to move irrespective 
of terrain or weather. In commercial service, ability to 
function in mining and logging operations, ete., where or- 
dinary vehicles will not funtion, is essential, but reasonable 
concessions may be made to the weather and other local con- 
ditions. 

While the track-laying or caterpillar type of vehicle in 





Comparison of Ground Contact Mark VIII Tank and wheel of same 
obstacle surmounting ability 


Fig. 1. 


some form is at present regarded as essential for the cross- 
country work referred to, it is not the purpose of this ar- 
ticle to advocate any particular type or to make any predic- 
tion as to what will be the ultimate type, but merely to 
point out the conditions which must be considered in any 
design in substantially the same way as the laws of water 
resistance must be considered by the designer of a ship, ir- 
respective of what particular type of ship he may be 
building. 

Ground Pressure. A first essential to crossing any ground 
that a man ean eross is that the unit ground pressure should 
not exeeed that of the unit ground pressure under a man’s 
foot, or about 4 pounds per square inch. The first step in 
redueing ground pressure in a eonventjonal wheeled vehicle 
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is either to increase the diameter of the wheel or the width 
of tire, but prattical limitations are very soon reached, as 
shown in Fig. 1. 

What the track-laying vehicle really accomplishes is to 
substitute for the wheel a moving belt of comparatively 
small dimensions which has a surface in contact with the 
ground corresponding to a segment of a wheel of imprae- 
ticable dimensions. Fig. 2 gives a general idea of the unit 
ground pressure under various classes of vehicles as com- 
pared with men and animals. 

Even in the older types of vehicles there is no serious dif- 
ficulty in bringing the unit ground pressure down to within 
4 pounds per square inch, but in computing the unit pres- 
sure it has been customary to divide the total weight of the 
vehicle by the number of square inches of track surface in 
contact with the ground, and if the result showed a pressure 
of 4 or 5 pounds to the square inch, to pronounce the ve- 
hicle satisfactory. 
leading, as the ideal is not an average ground pressure of 4 
pounds per square inch, but a uniform ground pressure of 4 


Such an answer may be entirely mis- 


pounds per square inch, and the proper location of the een- 
ter of gravity must be very carefully considered in connee- 
tion with the question of ground pressure. 

Fig. 3 shows a tractor moving up a 6 -degree grade 
drawing a load, and shows that under the conditions as- 
sumed, the ground pressure at the rear end of the machine 
is much in excess of the average ground pressure, while the 
front end of the machine is practically lifted off the ground. 
This figure that as the center of gravity is 
moved downwards, or to the front, the ideal condition of a 


also shows 
uniform ground pressure is more nearly approached. 

The center of gravity must, of course, be kept at a con- 
siderable distance above the ground in order to provide a 
proper clearance under the vehicle, and if the center ot 
gravity could be moved forward indefinitely there would be 
danger of overturning to the front when descending a steep 
grade. In the load must be 
braked in atiy event, and considering the vehicle alone, as 
shown in Fig. 4, the center of gravity may be moved well 


descending a grade towed 


forward without greatly inereasing the chance of overturn- 
ing’ to the front. 

Practically, it has been found that if the designer makes 
every effort to move the center of gravity as tar to the tront 
as possible in a vehicle intended to pull other loads, and 
keeps it as near the center as possible in the case ot a tank 
or cargo earrier, the maximum ground pressure under the 
track will be kept within reasonable limits under extreme 


conditions. and the maximum degree of stability will be 
obtained. Photographs of the newer tractors make these 
vehicles appear awkward when standing alone on account 
of the nosing downward, but as soon as a draw-bar load 18 


applied the vehicles ride on a even keel. 








— 





UNDERLYING PRINCIPLES OF 


Clearance and Center of Gravity. As these vehicles are 
required to move both up and down the steepest grades and 
to turn thereon, the center of gravity must be kept as low 
as possible consistent with the proper clearance under the 
vehicle, with a view to minimizing the danger of overturn- 
ing. ‘lhe effect of the location of the center of gravity on 
groun | pressure is diseussed in detail under the heading of 


“Ground Pressure.” The overall width of the vehicle and 
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So On DAWG MEMBERS 
Fig.2. Comparison of Unit Ground Pressure under various vehicles, men 
and horses 
the distance between tracks is further limited by the fact 
that a large majority of these vehicles must track with 
other vehicles, such as gun carriages, but in most eases suf- 
ficient overall width is permissible to make the vehicles 
quite stable against overturning sidewise, providing the 

center of gravity is kept reasonably low. 

Actual experience has shown that in this type of vehicle 
a vertical clearance of about 12 inches under an average- 
size vehicle is sufficient, provided any parts, such as engine 
erank cases, hable to injury from stones or stumps, are 
protected by suitable guards. In addition to the vertical 
clearance underneath the body, it is equally essential that 
the tracks extend a sufficient distance in front and to the 
rear of the body proper so that there is little danger of the 
body being hung up on the edge of a ditch or some similar 
obstacle before the tracks have taken a sufficient hold to 
surmount the obstacle. 

Transportation. When loaded on standard American ears 
Without special care in centering the vehicle on the ear, the 
vehicle must clear all obstructions on standard gauge and, 
if practicable, on narrow-gauge American railways. In 
ease of large and important vehicles, study must also be 
given to the possibilities of transport on foreign railways 
using the railway rolling stock peculiar to the country. 
Railway clearance diagrams should be studied in ease of 
doubt. : 

Suitable hooks or rings permanently fastened to the v 
hicle should be provided to permit loading with cranes 
Without damage to the vehicle proper or any boxing that 
may he provided over the engine or other parts to prevent 
damage in overseas transit. 

Gear Reductions. The gross tractive effort of the vehiel 
is, of course, dependent on the grip of the track of the ve 
Experience has shown that the max! 


hiele on the ground. 
mum adhesion on the ground is obtained when the powel 
is applied slowly, as a rapid application of what would 
otherwise he ample power frequently results in the track 


tearing awav the surface of the ground, and if continued 
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long enough digs the vehicle into the ground with resulting 
stalling. 

Practical experience has shown that in order to develop 
the maximum tractive effort it must be possible to apply the 
maximum torque of the engine to the track with a gear re- 
duction giving a vehicle speed not exceeding one mile per 
hour. When the vehicle is running at the maximum speed 
desired, say 16 miles per hour, the maximum torque is again 
necessary to overcome the various resistances due to high 
speed. The net result is a requirement that the maximum 
torque of the engine be available at speeds from one mile 
per hour to the maximum speed desired. 

Well-designed engines of conventional design, at some 
point of their speed range, maintain a constant torque while 
the speed doubles; for example, from 700 r. p. m. to 1,400 
r. p. m., or from 800 r. p. m. to 1,600 r. p. m. If a maxi- 
mum speed of 16 m. p. h. is desired, it is therefore neces- 
sary to provide a speed range of about 1 to 8 in the trans- 
mission system regardless of the particular type of system 
which may be used. As an example of the practical work- 
ing out of this problem, one of the vehicles now under de- 
sign, which uses an engine with approximately constant 
torque from 800 r. p. m. to 1,600 r. p. m. and a conventional 
three-speed transmission, on which is superimposed a two- 
speed transmission, has the following speeds, which makes 
maximum engine torque available in any transmission speed. 


Engine speeds, r. p. m. - — 800 1,200 1,600 
Vehicle speeds, m. p. h., low range 85 1.28 1.71 
1.47 2.21 2.95 
2.7 4.1 5.5 
Vehicle speeds, m. p. h., high range 3.4 5.1 6.3 
5.91 8.86 11.82 
10.7 16.1 21.4 


Controls. Track-laying vehicles are steered by the relative 
movement of the tracks with each other and, as has been 
previously explained, it is essential that the maximum draw- 
bar pull be delivered to the tracks at very low speed. There 
is considerable divergence of opinion as to the best method 
of controlling the operation of the two tracks, and an ex- 
cellent presentation of this subject is contained in the ar- 
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track through a planetary system on each side. By means 
of setting the proper brakes this method permits either side 
to be put in high, low or neutral, and in a few experimental 
English tanks three, or even four, speed planetaries, or 
epicyclies, have been used on either side. On account of 
their weight and complication, it is not likely that such sys- 
tems will ever be used except on extremely heavy vehicles. 





Fig. 4. Effect of location of center of gravity on ground pressure, vehicle de- 
scending grade 





such as the larger tanks, in which the shifting of gears is 
considered inipractieable. 

Power Plant. The power plant should be of the conven- 
tional heavy-duty type running at comparatively low 
speeds and capable of operation under full load for ex- 
tended periods. The fuel and oil supply should function 
properly when the vehicle is on maximum grades and when 
tipped sidewise at extreme angles. All parts requiring ad 
justment or replacement should be accessible in order that 
aijustments and replacements can be made with the mini- 
mum loss of time. 

Experience has shown that approximately 15 brake horse- 
power per ton of vehicle weight is required to meet high- 
speed requirements, and that the engine torque and gear 
reduction should be such that the draw-bar pull at 1 mile 
per hour will at least equal the weight of the vehicle. 

Radiator and Fan. The cooling system for military ve- 
hicles should be superior to that required for commercial 
vehicles of like draw-bar capacity, and should have suffi- 
cient cooling capacity to enable the vehicles to operate con- 
tinuously for 24 hours under temperature conditions en- 
countered in tropical countries when pulling their rated 
draw-bar loads. 

In the case of vehicles required to operate under fire, ne- 
cessitating armor protection for vital parts of the vehicle, 
the vehicles should be capable of 5 hours continuous opera- 
tion, with all armor openings closed, over the most difficult 
terrain encountered under combat conditions, without fail- 
ure of the cooling system. 

The fan should be of ample size and properly housed to 
satisfy the conditions laid down above. The fan drive 
should be through a clutch or similar device to protect the 
fan and belt against the accelerating or decelerating forces 
incident to sudden starting of the engine or passing 
through water. 

Waterproofing. Men or animals can cross water approxi- 
mately 5 feet deep without serious diffieulty, and, by swim- 
individuals can greater 


ming, a limited number of cross 
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depths, while the average motor vehicle is stalled i: m 2 
te 3 feet of water. 

As long as motor vehicles were only employed the 
heavier types of artillery, which would‘ ordinari! nd a 


bridge or which time would permit to pull over picce py 


piece, the waterproofing of the ordinary vehicle was 1 


ison- 


ably aeceptable. Combat vehicles, such as tanks, divisional 
artillery traciors and machine-gun carriers, which are ex- 
pected to move with or follow close behind the first lines of 
infantry, must. however, cross water with no greater hesj- 
tancy than infantry or horsed “75’s.” It is therefore es- 
sential that all motor vehicles for combat service be able to 
water at least 5 feet deep without difficulty. The 
waterproofing arrangements must be as simple as possible, 
and preliminary experiments have shown that this require- 
ment is entirely reasonable and can be met with compara- 


tively slight modifications of existing material, reterence 


eross 


being made for example to the waterproofing of the ear- 
buretor, shown in Fig. 5. 

Tracks. Assuming a unitorm ¢o-efficient of friction be- 
tween the ground and the tracks and uniform load distribu- 
tion, a track-laying vehicle theoretically will not steer when 
the length of track in contact with the ground becomes twice 
the distance from center to center of tracks. This condi- 
6, and in aetual practice it is 
with 


tion is illustrated by Fig. 
customary not to have the length of track in contact 
the ground exceed approximately 14% times the distance 
from center to center of tracks. 

It is further apparent from Fig. 7 that the conventional 
track made up of steel links and pins should be driven by a 
sprocket not in contact with the ground, otherwise the rear 
axle will be raised as the sprocket crosses each link with 
corresponding vibration and loss of power. In addition to 
the above, the angle formed between the ground and front 
and rear parts of the track, commonly known as the angle 
of approach and departure, is helpful in surmounting ob- 
stacles, entering and leaving ditches, shell holes, ete. 

As a normal condition it 
stones, ete., will pile up on the part of the track lying 


the ground. No track 
does not take eare of such obstructions without introduem: 


must be expected that dirt, 


on 


meehanism can be suceesstul that 





Waterproofed Motor, carburetor side 


Fig. 5S. 


undue stresses into the track mechanism. Fig. 5 
what is required and demonstrates one successful method of 
taking care of obstructions. 

In addition to a positive means of cleaning the track as 


a whole, it is desirable that obstrueting material, such a 
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UNDERLYING PRINCIPLES 


earth. zravel, ete., which is divided into small particles, b: 
expelled 
by the pressure ol the teeth of the driving sprocket, instead 


through the sides of the track links, or otherwise, 


of pel \itting a mass of obstructing material to accumulat: 
between the driving sprocket and track. 

The track should be of a design that adapts itself readily 
the ground the vehicle is 


required to 


to irregularities of 
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ground contact in Track-laying Selt-propelled 


Vehicles 


Fig. 6. Maximum length of 


such ir 
The 


mechanism should run smoothly, and the spring or cushion 


the vehicle to cross 


regularities without undue pitehing or shock. 


negotiate, and should enable 


track 


ing system should be so arranged that the unsprung weight 
will be a minimum. The track proper should be as light as 
possible, as experiments have shown very high power losses 
in heavy tracks moving at high speed, with correspondingls 
destructive effects on the tracks and adjacent mechanism. 
In vehicles required to operate at high speed, rubber or 


other shock absorbing material may be used on sprockets, 


track rollers and idlers, but care should be taken in the ap 
plication of such materials, that they are so applied thai 
the emergency operation of the vehicle will not be pre 


vented in ease of failure of the shock absorbing material. 


In this connection the present tendeney is to introduce rub 


ber as near the ground as possible, and to introduce springs 
ly 


as soon as practicable above the rubber, which close 
parallels standard truek practice. 
Means of adjusting the traek to weal 


compensate tol 


should be provided, and vehicles using the conventional 
track made up ot links and pins should be provided with a 


track-oiling System ol sufficient capacity for at least a day's 


run. This system should inelude a valve or other means ot 
shutting off the oil supply when the vehicle is not in opera 
tion. 

Grousers and Treads. In order to develop the maximum 


; 


draw-bar pull of the vehicles, it is essential that a most ef- 
grouser system all satistactory 
hicles the theoretical draw-bar pull is equal to the weight 
of the vehicle and the actual draw-bar pull developed is en- 
tirely dependent upon the efficiency with which the vehicle 


fective be used, as in ve- 


grips the ground. However, when a track-laying vehicle 1s 
steered, the traeks 


grousers are liable to tear up the ground or spoil good 


slide sidewise on the ground and the 


roads. It must therefore be possible to present a smooth 
surface to good roads which will not injure the surface, but 
this, in turn, presents difficulties when operating on ice or 
snow. 

The track shoes of most of the present vehicles have a 
smooth surface, whieh will not injure good roads, and for 
use off the roads depend on the application of a large num 
ber of detachable grousers, which take considerable time to 
apply and which are subject to loss. This system is pe- 
culiarly objectionable when passing successive stretches of 
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roads from time to time 


bad roads or when turning off the 
to pass obstructions, as there is not time to put on or take 
off the grousers as conditions change. 

What seems to be the best solution with the present cor 
tracks of steel links appears to be to form each 
the 


ventional 


link so that its center will present a smooth surface t 
ground, but with large depressions on each side of the cen- 
ter which act automatically as grousers as soon as the ve- 
hiele sinks slightly into soft ground. Preliminary tests of 


} 


this tvpe of track indicate that the system will be successful 
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f permitting driving sprocket to come in contact with ground 
I I 


conditions, tor 


it may be necessary to provide in the 


for all ordinary conditions. extreme 
operation on 1¢e, etc., 
equipment a few special grousers for occasional use, but 
this is not particularly objectionable. 

leed. Is should he 


in an almost empty tank to the carburetor, and the carbu- 


; 1 | 
Grasoline possible to feed the last fuel 
I 


retor must function when the vehicle ascends or descends 
100 per cent grade or is tipped to either side on approxi- 


Actual experience has shown 


mately an 5U per cent evrade. 
that at least 50 per eent ot the stoppages are due to break- 
age or stoppages In the fuel system, and it is of prime In 
portance that the piping and connections be kept at 
minimum. Negleet of the simplest parts of the fuel sys 
tem has caused designers far more trouble than other points 
which they considered of more importance. 


The ol 
angles, and the carburetor and gasoline 


earburetors must, eourse, Lunction at extrem 


piping must be s 
arranged that there is no chance of gasoline dripping 01 
the 


cause 


magneto, exhaust manifold or other places liable to 


fire A large sump that can be drained directly to 


the ground should be provided on the gasoline tank and the 





a 


Artillery Tractor with the 3-inch pipe inserted between track and 
sprocket to show clearing ability of this type of track 


Fig. 8. 
tunk itself must not leak at extreme angles or permit the 
of the the 
depth the partieular vehicle is designed to negotiate. 

A reserve tank, preferably contained within the main 
tank, which will feed direetly to the carburetor by gravity, 
is desirable, but does not justify undue complication in the 
All parts of the gasoline line must be se- 


entrance water when vehicle is submerged to 


gasoline system. 
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curely taste ned to minimize the effect of vibration 1 act 
ual practice, trouble of one form or another has been ex- 
perienced with every known type of feed, and 
system should be simplest 
requirements and 


the 


ther 


clusion that may be reached is 


the particu 
nder consideration. 
the only con- ; , 1 wahiel a 
. artiing and fig . mn ail vehicles capabie 
iterat that } 1; 
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he provide a 
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he wil! tear continuing his course, and therefore turn back fired by us along the front lines during the war. Therefore 
without completing the mission for which he set out. In — the proportion of one airplane brought down in 605 rounds 


raft gunnery every round fired is a measured round of ammunition proves that rectilinear travel holds an im- 


anti-a 


portant place amongst all possible motions, and that firing 
by caleulation is highly preferable to fire by chance. But 
the measure of the efficiency ot anti-aireralt artillery should 


l 


not be confined solely to the basis of number of airplanes 
actually shot down. Its efficacy should also be evaluated 
against the protection it gives 1n foreing enemy aviators to 
turn back without accomplishing the missions, such as 
reconnaissance, artillery regulation, bomb dropping, ete., 


for which they set out. This it does with remarkable effee- 
tiveness. Many eases of aviators shell-shocked by anti 
aircraft projectiles were recorded during the war. 
Anti-aircraft gunnery in general falls under two separate 
and almost distinetly different subdivisions—day and nigh 
firing. During the day the airplane is seen and at night 
heard. Consequently, optical instruments are employe: 
the former and acoustic devices in the latter case. Ws 


treat with principles and equipment for day operations first 


Day Operations of Anti-aircraft Artillery 





Direct observation upon the target by the telescopes 
he re-control instruments establishes the present condl- 
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acconipilshing fils SSO! he shortest interv: ‘ 
Consequentiv, the straightest course is chosen by both. ‘| 
take on altitude means an expenditure of energy and los 
Ot tin Vherefore ne a rplane attempts to fl 
stant ie. At a detimte speed the engine of an ‘air 
plans inctions with the highest effigeney. This veloeit 
varying somewhat with the altitude, can safely be assume 
to remain constant for each height. Consequently we ai 
rive at our working hvpothesis for all data ealeulation i 
anti-aireratt fvunnery namely, rectilinear movon, whiel 
assumes that the target will fly a straight course at u 
changing engine speed and at constant altitude during tl 


Ime required in the determination of the gun deflection 
data, fuse setting, firing, ard, in flight, for the projectile to 
reach its point of burst. 

Our hypothesis has proven from practice to be a reason 


able one, Had we ealeulated on three dimensional move 





ments, the probability of hitting an airplane of averag 
speed characteristics with a projectile ot 3-ineh ealiber Corrector Brocq with Fuss: Indicator, illustrating double sight, fuse indicator, 
‘ 1: _— gun voltm sters, cable, stordge battery and terminal board elements 
would have been one in two million rounds. The assump 

tion of rectilinear travel reduces this probability factor to and the altitude. The corrector R. A. determines similar 
one in one thousand rounds. Our actual firine reeords data mechanically. It contains ordinary speedometers 
show seventeen airplanes brought down in 10,275 rounds driven from rollers which mov radially across triction 
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dises proportionally to the time of flight, thus recording di- 
rectly the lateral and vertical displacements of the target. 
Fuse range is also determined by this instrument. The 





Corrector R. A., Type U.S. A. 


data obtained at the fire-control station is telephoned to the 
gun emplacements. 

The altitude of the target is an important element in the 
fire-control data. It 
two ways, either monostatie or bistatiec. 


resolution of is determined in one of 
By monostatie we 
refer to a single station instrument of the eoineidenee, selt- 
contained range-finder type with an attachment that log 
arithmieally deduces altitude from the measurement of the 


geometric distance to the target and the angle of sight. 


Both mechanically and electrically operated attachments 
have been applied. This type of device has several objec 
tions that use. It is difticult 


when viewing a target moving as rapidly as an airplane. 


limit its to hold coincidence 
The stereoscopic principle appears to have some deeidec 
advantages over coincidence, but as vet has not been suc 
cessfully constructed. Unless its length be longer than two 
yards, which seems to be the logical limit for field portabil- 
ity, the errors often become very appreciable except whe 
being mancuvred by the most skillful operators. 

The 


altitude is found by using a horizontal base of known length 


Bistatie altimetry refers to a two-station principle. 


and projecting the altitude into the vertical plane through 
Since each base-end instrument observes the 
target simultaneously, the roof angles are continuously reac 
and the distant-station one is set at the fire-control central 
station upon the conjugate altimeter there. The known 
base length and the two angles give an immediate resolution 
The Altimeter, Model 1917, is an exampie 
For low-fiving airplanes, 


the base line. 


of the altitude. 
of the latest type of instrument. 
the projection is into the horizontal instead of the vertical 
plane containing the base line. Bistatie altimetry has th 
objection that it is difficult to so specify a particular air 
plane which might be one of a flight, that both stations, 
frequently three thousand or more yards apart, will simul- 
taneously view the same target. Telephony is relied upon 
as the means of communication between stations. 

In event of failure of the corrector Broeq or R. A., both 
instruments being based upon the angular travel method, 
another system of fire control has been used. This bears 
the name Linear Speed Method, because it involves the 


linear motion of the target. It was emploved by our ar- 
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tillery as an emergency means of control. The success of its 
application depends upon the skillfulness of the personnel 
of the fire-control station in estimating data and operating 
the 4 


deflection The element, speed of the 


computer. air- 
plane, can be estimated with fair accuracy if one ean always 
distinguish the make of airplane and: is familiar with the 
characteristics of that model. However, the estimation of 


the angle of presentation, which is the horizontal projee- 
tion of the angle between the line of sight and the line 
drawn through the fuselage of the target, admits of eon- 
siderable error. The linear speed method is made consider. 
ably more inaceurate in that it requires an exact determina. 
tion of the velocity of the wind at the altitude at which the 
airplane is flying. 

The speed computer is the instrument used in measuring 
either the speed of the airplane or the wind velocities at 
different altitudes when meteorological station data is un- 
available. The latter procedure is accomplished by observ- 
ing the smoke of a burst of a projectile fired to a known al 
titude, preferably the maximum ordinate of the trajectories, 


In the, case of the linear speed method, fuse range is ob- 
tained from a range computer either attached to or separate 
In both instances, fuse range is a 
function of the altitude and the angle of sight to the pre- 
dicted future position of the target. It is 


from the gun earriage. 
read trom a 
graph of curves of constant fuse range, the slopes of whieh 
change at different points because of the exterior ballistic 
variations in high-angle firing. Together with the displace- 
ment data resolved on the deflection computer, fuse range 
is sent to the gun emplacements, where it is used in effeet- 
ing the fuse setting and as a funetion in giving the gun the 
angle of super-elevation—namely, the angle between the 
line to the predicted future position of the target and the 
line of elevation of the gun at the instant of firing. 


Night Operations of Anti-aircraft Artillery 


Night firing substitutes for the bistatie altimetry stations 
acoustic centers where skillfully operated lstening appara- 
tus of the trumpet or paraboloid type gives azimuthal ani 
elevational data by focussing the sound of the airplane en- 

This the fire 
where it Is used in plotting the course of the raider, obtain- 


vine. data is transmitted to control room, 


ti 


ing its altitude, plotting the course, thence resolving 


ry 
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Two-Meter Base Range and Height Finder of the Monostatic Type 


azimuth, elevation and fuse range to the predicted future 
to the gun 


This 


position of the target. This final data is sent 


emplacements, where it is used in setting the pieces 
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gub-division of anti-aireraft gunnery is indirect firing and, 
accordingly, involves corrections for parallax—namely, 


those se madary deflections required because of the non 





Altimeter, Model of 1917, illustrating one of the base end instruments 
for bistatic altimetry 

coincidence of the fire-control station with the gun eni 

placements and obtained in a manner identical to the pri 

ciple for indirect fire during the day. These corrections 


; 


are computed upon a parallax dial either made a part of a 
composite instrument known as a battery commander's 
telescope with wind and parallax dials or placed upon the 
guns, which gives a very satisfactory solution, assuring thi 
resolution of these corrections directly at the guns, a vital 
issue when the guns of a battery are widely separated and 


al some appreciable distanee from the fire-control station. 


Anti-aircraft Defense of Paris 


Perhaps no eities, including their outer regions, were so 
well protected by anti-aireratt detenses as Paris. A tew 
statisties will be given subsequently to illustrate the import 
ance plaved by those defenses of Paris in resisting incursions 
of hostile airplanes. First, however, let us treat with the on 
ganization of the defense and the methods emploved in the 


control of barrages. In order to distinguish the term bar 


rage as applied to terrestrial from that referred to as celes 
tial firing, a curtain of fire is meant in the former ease and 
a volley of four or six rounds with the same gun and fuse 
settings in the latter. 

The command of all units of the Paris defense was cen 
tered in that city, in facet, in one large room. Against a 
wall of this room was a map showing the loeation of all 
elements ot the defense, which, as will be explained, enabled 
one to follow the route of enemy airplanes and all phases 
of combat. An ingenious arrangement of direct telephone 
communication with the defense elements, and an auto 
matic system of signal lights permitted the progress of the 
raiding party to be continuously indicated on the map im 
mediately upon its crossing the lines at the front. One ot 
heer had supreme command over all outlying defenses and, 
observing the map notations, would order those batteries in 
the path of the raider to open fire at the proper moment 
Direet communieation by telephone to battery loeations, 
listening posts, ete., not only in the neighborhood of Paris, 
but also extending to the front, permitted immediate con 
trol over all elements of the wide defense. 


In order to keep the command in Paris thoroughly in 


formed of the movement of aireratt, friendly or enemy, a 
permanent observation service was at all times maintained. 
An extensive system of special sentry posts was established 
throughout the region. Other posts, equipped with listen- 
ing apparatus, would determine the approximate altitud 
and route of raiders even before they came into range ol 
the first line of anti-aircraft batteries. The telephone liai 
son necessary between these posts and those booths around 
the headquarters room of the supreme command in Paris, 
constituted an extremely complex system involving more 
than four thousand miles of aerial and subterranean lines. 

The means of defense employed are classitied under two 
general headings: 

l. Passive, 

2. Active. 


n placing obstacles, such 


Passive means consisted either 
as captive kite balloons, along the most likely routes fol- 
lowed by the raider or of misleading him by means ot 
camouflage of the terrain—for example, smoke masking, 
building false scenery, and placing a confusing disposition 
of lights. 

The active means comprised a methodical and continuous 
combat against the raider. It involved the employment of 
aviation, anti-aircraft artillery, searchlights and machine 
guns. 

The employment at night of aircraft to combat aircraft 
is more difficult of application than most persons are prone 
to believe. It is difficult for aviators to see clearly enough 
at night to distinguish friendly from enemy airplanes, even 
with the best of conditions for visibility. This form of 
combat was, however, used to some extent by the British in 
detending London by sending up aviators Trom coast sta 
tions to fight raiders during their flight across the English 





Trumpets of British Type employed as listening apparatus for fire control of 
Anti-Aircraft Artillery at night 


Channel. Control of their movements was effected by wire 
less telephony from a central station command. On account 


of the danger involved to friendly airplanes, they shoul 
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never be emploved in zones to be defended by anti-airerat 


Large bombing airplanes, heavily laden not only with 
cay not attain great heights, and therefore generally fly at 
three thousand vards altitude. At this height th 
anti-aircraft artillery has a large field of fire, and the firing 
of many batteries will always intersect and can be concen- 


about 


og 


<A 





oa 


U.3.3 nt, Mode! 1920, illustrating the mount minus the 


A. A. Gun Mou 
four-wheeled trailer element 






‘(rated simultaneously on the same target. At night 


fears becoming lost, because they are torecc 


to Vv bY compass, Using the terrain only to verity the) 


Theretore, they flv a strareht course pointing d 


rectly at the obj ctive so as thev are not obliged to 


dodge. At night the sound of motors is heard much bette 


than by day. Thus, sound ranging is conducted under muc} 


more favorable conditions, in fact, an airplane heard at 


lone distance ean be located and its altitude determined be 
fore it comes within the field of fire of the battery. These 
are the principal conditions differing from day flying, when 
greater speeds, higher altitudes, and, occasionally, poor 
visibility, due to dazzling light, are prevalent. 

It has often been asked why it is that the artillery fires 
by sound at night, when powerful searchlights, by making 
But the 
difficult 


problem, it being based, like artillery fire control, on the 


the airplanes visible, should permit “direet” firing. 
illumination of an airplane by searchlights is a 
exact location by sound of the sueeessive positions of th 


large? In space, 
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artillery, because listening apparatus from which data for 
laying of the guns of the batteries are derived can not dis- 
tinguish between the noise of friendly and hostile airplanes. 


bombs, but also with a large quantity of gasoline and oil, 


The sound of the motor is not instantly heard. Ii travels 
through space seareely ten times as rapidly as the 
The result is that an airplane located at a certain 

from that point when tl 


rplane, 
‘int has 


moved some distance 


sound 


emitted is heard. Therefore, it is necessary to predict th 
future position and to illuminate it, sweeping a zone 


prolongation of its route. 

Searchlights have for their main mission the blinding of 
hostile aviators, preventing them from seeing their guiding 
points on the earth; to compel them to change their 
in order to eseape the confusion caused by the 


COURSE 
luminous 
beam; to assist friendly aviators in designating and attack. 
ing raiders over zones not defended by artillery. 


\ 


Any anti-aireraftt mount designed for d 


day firing is like 


wise suitable for night barrage service, if it incor 


Unlike aay th 


all devices required for “indirect” laying. 


ing, when each round fired is a measured one, night firing 
is conducted by salvos of about six rounds without altering 


the gun and fuse settings. 
the results obtained by the 


Paris defenses to appreciate the valuable serviee rendere 
Py 


One needs only to refer to 


by anti-aireraft artillery against night bombing rai 
ords show that of the 483 airplanes sent by the Gen 


during 1918 toward Paris 
H 


for the purpose of bomb 


? ' 

l of this number sueceeded in tlvinge over P 
. 
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13 ot these were brought down bv the detenses 
i xeellent record tor the nti-aireratt detenses : 
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Anti-aircraft Mounts 
\ reratt mounts are ¢ ded into ) : 
‘ ~ hxes ne mobile \ ow = fixed 
perlmanentlivy places ! i ca o detend ale 
\ uple of this classific on is the U. S. 3-1ne \. 
(run, Model of 1917 mounted on A. A Mount. Mod 
LOL; Barbett which s designed to be atta ( 
<olul conerete base. | nce! the latter classifieation si 
l. S. 3-ineh A. A. Gun, Model ot 1918, mounted 
raile. \Model ot 1917, and io mm. Gun, Model 


mounted on A. A. Model of 1917. Both ot thes 


es can be readily moved trom place to plac 


Truck, 


Into batters quickly by merely jacking the weight oft 
No mounts of U. 8. 


now on hand in cons 


chassis springs. design were availa 


for our use in Franee, but are 
Vv in this eountry and are being assigned to coas 
drill 


Freneh 


quantil 


tillery stations for instruction and purposes. Uul 


anti-aireratt service operated earriages 


truck 


their sem) fixed and trailer mounts, each ( 


with the standard 75-mm. field gun. 


After a comprehensive study of all kinds of carriage 
the that but tw 


types are necessary. The ideal of each type is dese ibed a 


used during war. it has been coneluded 


follows: 
Light Gun. 3-ineh, with initial velocity not less than 
block, 


foot-seconds, semi-automatic breech mounted on 
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practice 
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permitting 50 
weighing not less than 15 pounds, one 


th maximum ballistic qualities and as large burst- 


Selt-propelled caterpillar or 


eaterpillar tractor, each unit 


Gun. 4.7-inch to 5-inch, firing projectile weig 


ed above fo. 


Selt-propelled caterpillar, permitting a sustained 
S miles per hour, maximum 
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» gun to the bursting point, depends upon, 
velocity of the projectile between those points, an 
the rate of burning of the 
same range, these two speeds vary with the angle of eleva 
The time of flight of the projectile for the same range 
becomes greater as the angle ot 
corresponding augmentation to 
gravity along the trajectory. 
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Experimental Methods--Miami, Florida 
By 


GLENN P. WILHELM 


Member A. O. 


FTER the close of the Borden Brook range on account clinometer seat error, and other variations, that the final 
of climatic conditions, the Small Arms Ballistie Sta line of departure of the bullet could not invariably be ob- 
tion was established at Miami, Florida. This range tained by correcting the angular measurement of the ele 

was similar to the Borden Brook range, in that the splash of | Vation of the gun by the errors above enumerated. 

the impact of the bullets on a smooth surface of water was With the paper screen, however, two independent meas 
the means by which the range and direction of the flight of urements were taken, one being the elevation and defleetior 
the bullets were obtained. It differed from the Borden of the gun itself, corrected by the errors of jump, elinometer 


Brook range, in that the firing was done at sea level and seat, ete., and the other measurement being that of the bul- 


over a horizontal surface. At Borden Brook the range  let’s flight. This method of measuring marked a distinet 
measurement, as has been shown, was obtained by instru step in advance of any method hitherto devised. The dif- 
ments at the gun position, thus requiring a very small per ference between the measurements made on the bullet itself 


sonnel. At Miami, on the other hand. range measurements v means of the sereen, and the measurements made of th 


were made by observers loeated in observation towers ad gun, would, of course, be the sum of all the errors, such as 
jacent to a long line of range stakes, the observation being jump, clinometer seat, ete. 
direet. This, of course, required a larger personnel. The method of making this screen measurement was by 
It was possible to obtain ranges at Miami from the mai means of a large paper sereen erected in the path of the 
firing point up to 3,000 meters, and by means of an aux bullets, 100 feet distant from the gun, the sereen being larg 
iliary firing point 1,400 meters in the rear it was possible enough to show the passage of any bullet fired with th 
to obtain ranges up to 4,400 meters. necessary elevations and deflections, from the shortest 
The methods of obtaining the data at Miami, on aceount ranges up to about 2,200 meters, at which range the bullets 
of the arrangement of the range and instruments, were en would pass over the top of the sereen. 
tirely different from those of Borden Brook. The work at At first a double screen was used, one being close to th 
Borden Brook. insofar as the measurement of elevations muzzle of the gun. This muzzle sereen was later discarded. 
was concerned, was characterized by an experimental de as it was found to be unnecessary and as it appreciabl 
termination of the error in the clinometer seat of machine slowed up the tests, besides introducing slight errors duet 
guns, and an experimental determination of the angle o:! its effeet on the bullet. 


jump of the gun by means of bore sights and bore levels sak ' 
; Use of Transits 
creen Measurements of Elevation and Deflection lhe system finally evolved was that of setting up a sma 


At Miami, measurements of elevation and direction ot! explorer’s transit, capable otf reading angles of elevatio 


the beginning of the flight of the bullet were obtained in- and detlection to the nearest. minute of are, so that the 
dependently after the bullet had left the gun, from the _ transit was on an are of a cirele whose radius was 100 feet. 
measurement of elevations on the gun. This was accom the center of the circle being the center of the paper sereei 
plished by means of a paper sereen, through which the bui The pivot of the gun was also on the are of this ¢irele, th 
let passed after leaving the gun, thus enabling its elevation transit and the gun being separated by the shortest possibl 
and direction of flight to be measured. Although at Borden distance. The height of the horizontal line of sight of th 
Brook some screen firing was done, it was at Miami that transit was at the same level as the horizontal center lin . 
this practice became general. of bore of the gun. The zero of the horizontal ecirele of th . 


The reason for the sereen method of measuring elevation — transit in deflection was the same point on the sereen as th 
and deflection being adopted was because it was found, in zero of the deflection of the eenter line of bore of the gw 
spite of careful measurements of the angle of jump, the _ barrel prolonged to the sereen. 
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bullets was by the use of the Mann Rest. This work per on or near the line of stakes to avoid parallax errors The 
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When sinele shot Was fired, or in the case ot the nn 


ehine gu a burst of shots, the eross-hair of the trans hore of the gun and of the transit as the transit was el 
would be laced on the center of impact on the sereen, and close to the center ne of bore The instrument used 
the transit man would directly record the transit elevation measuring the elevation ot the center line ot bore was the 
and deflection. These elevations were corrected by the eal! standard artillery quadrant, graduated to one minute « 
eulated drop of the bullet for the time it occupied in reael are. The Mann Rest. was partie ularly desirable for meas 
ing the screen at 100 feet from the gun. The error in read urements of drift, as it was possible to fire alternately ban 
ing the horizontal angle or deflection, on account of the rels having a right-hand twist rifling and those having left 
parallax error introduced by having the transit at one sid hand twist rifling. 


of the gun, was usually negligible for very small angles. 
7 > oe Serpe 
because a lateral distance on the sereen (a foot, for in rhe Roller Screen 












stance) will, of course, subtend the same angle at the gui During the latter part of the firings at Miami a modifica 
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f Test to Determine Ballistic Data 


as at any other position to the right or left of the gun up tion of the paper screen was made. This design consists o 
to a certain amount. a roll ot paper much thinner than target paper, mounted 
This system had the advantage of being very rapid, as on rollers in such a way that the paper can be unrolled and 
the transit readings were taken as fast as the shots wer wound up from the firing point, thus presenting a clear 
fired, and, moreover, the screen gave a permanent record, sheet for each range. It was possible to move the roll of 
) that if the difference between the measurement of eleva paper, both laterally and up and down, so that the paper 
tions on the gun and those of the transit were great enough would always be in the line of fire. On aeceount of the 
not to be accounted for by the usual errors, the transit small size of the area of paper exposed to the wind, no 
readings could be verified. hacking by cloth was required. This eliminated any effect 


Effect of Paper Screens on the flight of the bullet, which occurred to some extent in 
. " the use of the .22-ealiber rifle and other small ealibe 
In order to determine the effect of the paper screen on eapor 
-ApoNnS 
the flieht ot the bulle test ‘re ade tf the diffe ; ! 
go mullet, tests were made ot the aiflerence 
Range Stakes 
Impact at various ranges ol bullets tired through the screen, 
> } , ithe ot | o { ‘noe ats < ic illnctrat 
and bullets fired through a hole in the paper at precisel) Uh nethod of laying out the range stakes is illustrated 
the same settings. It was found that the ordinary standard n Fig. 1. At every hundred meters the range rece 
target paper, baeked by standard target eloth, at a distanes by white stakes with large Nhgures which faced both the nr 
v, : * — ial a the servs te e Tha DF one ff 
i100 feet from the gun, has no appreciable effect either « Ing point and the observation towe1 The 25-meter, 50 
the range of the bullet or its direction with small-arms a mete and éo-meter ranges were indicated by stakes colored 
munition. such as our service ammunition. red, black and green, respective ly. 
Observers, in determining the range, did so by estimation 


Use of Mann Rest ot the range to the splash of the bullet with reference to the 


Another method of determining the exterior ballistics o range stakes, the center of Impact ol the shots being kept 
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greatest distance at which an observer had to observe shots 
was 250 meters, this point being the half-way point between 
observation towers. In all such cases double readings were 
made from two adjacent towers to avoid errors of parallax. 

For single shots there was, of course, only one reading 
from a given tower, but for a machine-gun burst the num- 
ber of observers on a given tower was increased, and the 
range observations recorded were the observed shortest 
shot, the observed longest shot, the estimated center of im- 
pact, and the estimated range to the long and short shots, 
excluding the longest and shortest shots. 


Measurement of Deflection 


Lateral deviation of the impact of the bullet on the water 
was obtained by instruments (usually transits) placed on 
the fire-control tower in rear of the guns. The zero of the 
transit azimuth coincide with the zero of the center line of 
bore and also of the zero in azimuth of the screen transit. 

The angular lateral movement of the bullet in flight was 
always the difference between the original direction of the 
flight of the bullet, as measured by the screen transit, and 
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other tests of a similar nature a great many times, enough 
data was obtained to determine with a very small probable 
error all of the information necessary for establishing the 
flight of the bulet from the muzzle of the gun to the maxi. 
mum range. 


Normal Elevation Curve 


Fig. 3 illustrates how the angle of departure curve was 
obtained for service ammunition under normal wind condi. 
tions. This curve is made up of plotted points represent. 
ing the center of impact of Browning Machine-Gun bursts 
which were fired under unusually calm wind conditions. 
These points were obtained by firing seven different tests, 
each test usually being fired on different days. The eleya- 
tion curve, as determined by these points, is unmistakable, 
and the variation in the points themselves shows the prob- 
able error in range for a given elevation. The elevations 
determined by these tests were for ranges from about 95) 
meters up to ranges of about 2,800 meters. 


Machine Gun Dispersion 


During the operation of the Small-Arms Ballistic Station 
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RANGE - METEDS 
Fig. 3 


the final direction of the splash of the bullet as shown by 


the transits on top of the tower. 


Rapidity of Work 

One of the greatest advantages of the range at Miami 
was the rapidity with which the work could be accomplished 
It was possible, within the space of an hour or so, to fire a 
test, enabling all the necessary data to be recorded fron 
ranges from 200 meters up to 3,000 meters, thus eliminating 
the inconsistencies which usually resulted in experimenta 
firings on account of changes in weather conditions. 


Character of Experimental Data 
An example of the character of the data obtained on the 
is illustrated in Fig. 2, showing a graph of 
test fired to determine the angles of 
flicht. effect of and the drift of 


tailed bullets at 2,400 and 2,600 feet per second muzzle ve 


Miami range 
departure, time of 
wind, two types ol hoat 
licities, respectively, for ranges up to 2,700 meters. <A few 
flat-based bullet at 2,600 feet 


per second in order to show a comparison at 


shots were also fired with a 
long range. 
This graph shows in detail the amount of data whic! 


could be obtained by one test. By repeating this test an 





in Florida a great deal of data was obtained on machine- 
gun dispersion by firing on the smooth sand of Daytona 
The method of recording the data for this fi 


was as follows: 


Beach. ring 


The machine guns were mounted on service tripods and 


set up on T-bases in the sand. Sometimes the elevations 


hott 


were recorded entirely by clinometer, and sometimes both 


elevations of the gun and the sereen el 


the clinometer eva- 


tions of the line of flicht were also recorded. 


{ 


The shots, upon striking the sand of the beach, le 
distinct mark. The necessary data for plotting these shot 
marks on the sand was obtained by the use of a transit and 
stadia in connection with a line of range stakes 100 
meter intervals. Sinee a later article will deal entire with 
machine-gun dispersion, the question will not be discuss 
further at this time. 

Experimental Methods—Ormond Beach, Florida 

The most complete and extensive tests that were under- 
taken were earried on at Ormond Beach, Florida, ring 
the spring of 1920. These firings were characterized by 
final improvement in the method of obtaining the elevation 
and «de Heetion, as the sereen used at Orn ond Beae! Was a 
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further iprovement ol the roller sereen of Miami. A 
transit in the rear of the guns was used for the purpose of 
earefully letermining the zero line of deflection, this transit 
being removed during the firing and the measurements be 
ing obtained by the transit to the right of the platform. 
The seree)! 
horiz yntal 
times, by visual observation, read the actual elevation and 
deflection that was being secured on the shots. 
was very readily adjusted for any elevation or deflection. 


was so arranged with the necessary vertical and 
seales that the fire-control officer could at all 


The screen 


This firing point was later greatly improved for purposes 
of convenience. The range was practically unlimited in 
length. A line of range stakes, 5,000 meters long, was laid 
out at 10-meter intervals, and a range of twice that length 
was available if necessary. Observation dugouts were lo 
eated along the line of range stakes every 300 meters. 


Measurement of Shots 


The method of measuring the location of the shots on the 
beach is illustrated in Fig. 4, which shows a range party 
from one of the observation dugouts measuring a machine- 
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le upper range was similar to that of the lower range, 
ar as the firing point was concerned. However, the eleva 
tions, as read by the transit on the passage of the bullet 


throngh the first sereen, were corrected by the loecatio: 


the center of Impact ol the shot group on the vertical tar 
vets with reference to the line of bor 


horizontal center 


prolonged. 
Time of Flight 


At Ormond Beach the method of determining the time of 
flight was necessarily different from that of Miami and Bo 
den Brook. 


The time of flight was obtained by using various methods. 
When firing through the vertical targets, microphones were 
attached to the target frame and to the gun base, making it 
possible for observers with stop-watches reading to one 
hundredth of a second to determine accurately by sound 
when the bullet left the gun and when it passed through the 
At ranges where it was impracticable to 
use vertical screens, microphones were buried in the sand, 
and the time of flight was obtained by hearing the sound of 


vertical target. 





i . " 


Fig. 4. Measuring Impact of Shots on Beach 


gun burst within its sector. Wire pins have been placed in 
each shot mark so that the co-ordinates of the impacts, with 
reference to the line of range stakes and the position of the 
gun, can readily be measured and recorded by means of a 


graduated tape and a right-angled prism. 


rhe upper part of Fig. 3 is an actual record of a 500 
round burst from a Browning Machine Gun firing service 
ammunition. The upper horizontal line of figures shows 
the range measurement at 10-meter intervals, the shortest 
shot being at 1.950 meters and the longest shot at abou 
2.090 meters. The vertieal figures at the right and left 
show the measurement of each shot from the line of rang 
In other words, the large squares are 10 meters 
i side, each large square being divided ir to small squat 
i meter on each side. Each shot is therefore plotted 


accuracy of 1 meter. 


Short Range Firing 


| vdditior to the beac h rar ve at Urmond, which has jus 
een described, there was also another experimental range 
el to the beach range. consisting of a firing pont 
scTree) inhis range had the usual form of vertiea 
nges of every 100 vards, up to 1,200 vards. This rang 
Was used for dete rmining the necessary data up to a rang 


ibout 1.000 vards. after which the firing was transterre: 
: ] Pee 8 14 ++ +} 

the ty eh on aeeount ot the aimeuitv in hi Ing ne vel 
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] } rm 
caetiections 


elevations Ane 


the method of determining 


the discharge through the telephone and the sound of im- 


pact through the microphones. At extreme ranges, where 


shots could not be placed with sufficient accuracy to be 
heard through microphones, the time of flight was take 


from the sound of impact on the beach. 


In addition to the usual anemometers and wind-direction 
dials at intervals along the range, as used at Borden Brook 
and Miami for the determination of air currents affecting 
the bullet’s flight, there were also used at Ormond Beac! 


; 


rubber pilot balloons, by means of which data was obtained 


upon the upper air currents. 


Accuracy Obtained with Mann Rest 





Ai example ot the ceceuraeys ta able witl Mar 
tvpe of rest, and also showing the possib es of the ser 
method determining data, is illustrated in Fig. 5. The 
first shot group, consisting of one hole slightly large: , 

rih-<« ver bullet, has been made b 10 shots of mateh an 
1 whieh passed through i paper sereen place LOO 

feet distant trom the run. Che second group shows 

size attained by these same 10 sh ts at a range of ZOU \ 

| ner words. () shots fired \ e} " 

I nh eaeh bullet tel l precise ( same Cte 
cli rer ? had separated at 200 Val » Ss ifficient \ oh 
of the bullets were still touching each other and th 

let being only about +e an ineh off ‘his is p1 
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The Cost of Unpreparedness 


NE of our most widely circulated weeklies recently 


contained in a leading article the statement: “We 


are all familiar with the argument that the best way 
to prevent war is to be prepared for war.” Continuing, it 
points out that from 1834 to and through 1919 the War and 
Navy 
billion dollars, and asks “whether any part of this twenty- 
nine billion dollars spent for preparedness and for wat 
prevented our going to war or found us prepared when we 
went to war.” 5 
Twenty-nine billion dollars for preparedness, and, inei 
dentally, oh, very incidentally, for war? 
lump these items? Why by subtle juxtaposition eredit 
preparedness with the lion’s share of the artfully conebined 
total? Do we lump fire losses with fire prevention and fire 
insurance, and rail at the cost of the fire department be- 
cause, admittedly too small, due to our own neglect, it failed 
to step a conflagration which caused us inordinate loss? 


Why so casually 


The leading editorial of the same issue suggests an ex- 
planation. We are flatly told “In time of war, a nation 
ean not tolerate pacifism; in time of peace it must not 
tolerate militarism.” And then we are solemnly informed 
that “War is bred by talking war and arming for it. In 
time of peace prepare for peace by talking peace and be- 
ginning disarmament.” The congenital pacifist will, of 
what he wills to believe, but the average 
man will hearken back to our most recent experience in 
frying to talk ourselves out of a war which was eventually 
“thrust upon the United States,” 
joint resolution of Congress dated April 6, 1917. 


eourse, believe 


according to a certain 


Our entrance into the World War was not of our own 
A great wrong had to be righted, and note 


failing righted that 


choosing 
writing and “talking peace” us, we 
great wrong as we have righted other great wrongs in our 


past history—by force of arms. 


Yet we need not actually to have used our arms or our 
army—dynamic force would not have been needed had we 
possessed the static force of adequate armament and suffi- 
cient personnel trained in its use. No less an authorit) 
than General Pershing has stated, after mature considera- 
tion, “It is my belief that if America had been adequate, 
prepared, our rights would never have been violated nor our 
safety threatened.” The consensus of intelligent opinion 
to-day is in entire agreement with our greatest military ex- 
pert. Our forced participation was, then, directly due to 
our unpreparedness, and it behooves us to look to the eon- 
sequences and be guided thereby in future. 

During the year ending June 30, 1920, over 8,000 officials 
and clerks (whose salaries, ete., amounted to more than 
$15.000,000.00) devoted their entire time to the administra 
tive procedure incident to drawing on the Treasurer of the 
United States in payments on account of War Risk Insur 
ance 5,641,831 checks aggregating $288,661,877.22, or about 
one million dollars for each working day in the year. 

This total seems large until we consider that the Hon. D. 
F. Houston, Secretary of the Treasury, is authority for th 


Departments actually disbursed some twenty-nine 








EDITORIAL 


that the aggregate net cost to us of the Wor; 
Q 


statement g | 
War from April 6, 1917, to June 30, 1920, was +24,019. 


000,000.00, excluding loans to foreign governments d de. 
ducting all miscellaneous recoveries from war-time appro. 


priations. 


This staggering sum represents the money cost of “unpre. 
paredness—to include June 30, 1920, only! Unfort ately, 
we still have with us, and will have for years to come, 
tremendous annual expenditure, of which this of the currey 


fiscal vear (ending June 30, 1921) is typical: 


Obligations Arising from World VW 

Treasury Department 
Salaries and expenses, Bureau of War Risk Ins 

ance and Farm Loan Board $1 
Collecting war revenue 21.5 
Pensions — 6.734 
Military and naval compensation 2] 
Medical and hospital services 46 
Expenses of loans 12.4 
Interest on public debt 993 
Sinking fund 253.404.8564 
Council of National Defense ~ " RR 
National Advisory Committee Aeronautics 2 
Shipping Board. $42,599 
Deficit dur ng | S. contro] of Railroads Ss 
Railway Labor Board 
U. S. Housing Corporation ; . 134 
Federal Board for Vocational Education 7 111,83¢ 
Medical and Surgical History of World War 50) 
Artificial limbs . ‘ 15 
Deficit U. S. Control Telephone and Telegraph 14 ) 
Department of Labor (War Labor Administration) 12 

Potal - $2,476,240.2 


Some idea as to whether or not these annual 


expenses 


will be diminished to any considerable extent in the near 
future can be gained from the fact that during the present 
annually the eost of 


fiscal year we are still paying partid- 


pation in wars previous to the World War, as follows: 


at ation i i I vious Ware. 
Pension $279,113.26 
I st on pul deb -4 
Nationa cemeteries eo 024,529 
National Homes Volunteer Soldier 4.908 22 
State Homes Volunteer Soldic l 
Sold Home (interest I 
Sold Home (permanent fund 
Extra pay volunteers war with S} 


From consideration of the above figures and the acecom- 
panyving chart it will be seen that our present annual obh 
gation arising from participation in wars for which we 


were unprepared is to-day requiring the expenditure 


59.2 per cent of our entire national budget, whereas but 53 
ver cent is being appropriated for military purposes and 
] ppro} y pur 


9.5 per cent for naval purposes, a total of 18.3 per cent 


preparedness. 


Twenty-six billion dollars for unpreparedness is a high 
price to pay, but the money cost is but part of the b rhe 
77.000 gallant lads who gave their lives and the 225,000 


who suffered disabilities to achieve the same results we 


could have effected by reasonable preparedness are those 
upon whom fell the real, the blood cost of unpreparedness 

Because we have just been visited with a great conflagre 
tion which caught us inadequately equipped with the meal 
to extinguish it, shall we decry fire prevention and fire 


surance? Beeause we have lost in the holoeaust th: 


of brave lives and disabled hundreds of thousands ot youth 
ful hodies—we are spending $151.000.000 for tiheal 
limbs this vear—shall we doom our sons to similar tates 

. sale 


the future? Lackiug the omniscience ot some of 
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ing magazine writers and editors, the average American the happy millenium of eternal peace. “Talking peace” as 


bas no better guide for the future than dispassionate ex- a panacea for international ills has been weighed in the bal- 
/ " 
amination of the past. Let us pay the cost of our umpre- ance, and found wanting. Reasonable preparedness in the 


paredn: ss—the money cost- -and thank -God we have not future will discount the unbearable totals of our latest folly. 
paid it with our limbs or our lives, and, for the sake of Millions for preparedness now will not only save billions 
our fuiure generations, if not for our own sakes, let us for umpreparedness eventually, but will obviate the useless 


recognize that the world to-day is not Utopia; nor is to-day sacrihiee of our youth the real ¢ / unprepare dness! 


APPROPRIATIONS - FISC4L YBAR 1921 
Source of information: Digest of Appropriations 1921; Treasury Department, 


An analysis of the appropriation for the Fiscal Year 1920-1921 shows that the 
amount appropriated for Military purposes was $416,135,257 the amount appropriated 
for Naval purposes was $450,753,620 a total of $868,869,077 for National Defense, 


18.3% of the total appropriated, 
A€Gaitionsl Compensation, Gov't. Employees 
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Unpreparedness in 1917 
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LONG RANGE SMALL ARMS FIRING 
(Continued from Page 347 
of the smallest shot groups that has ever been obtained at a 
; range of 200 yards. 
Conclusion 
Although the Borden Brook and Florida ranges were es- 
pecially selected as representing the best possible conditions 
under which long-range small-arms firing could be held, 
each range was subject to certain limitations and drawbacks. 
The Borden Brook experiments, on account of the general 
barometric conditions peculiar to a locality at a considerable 
elevation above sea level, were not ideal. Moreover, the use 
of this range necessitated inclined firing, thus introducing 
an error, the probable amount of which depended upon the 
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Range 33 yards 
Ten Shot Group--Match Ammunition Fired from Mann Rest 


Range 200 yards 


error in the assumption of the rigidity of the trajectory. 
However, a comparison of the results obtained at Borden 
Brook with those obtained in Florida shows that this as- 
sumption was well within the other experimental errors. 

The range at Miami, being a water range, as was also 
Borden Brook, sacrificed a permanent record of the impaet 
of the shots for rapidity in completing tests. 

The Daytona and Ormond Beach firings, on the other 
hand, embodied the greatest possible accuracy, but were un- 
der the greatest disadvantage on account of the slowness 
with which it was necessary to conduct the tests. 


Criticisms 

Criticisms of these firings are usually confined to the 
method of determining the time of flight and the variation 
obtained in the ranging ability of small-arms bullets at long 
ranges in different tests. 

Such criticisms can be refuted by a careful study of the 
available data, which will show the essential requiremen 
of these experiments to be rapidity in the completion of in 
dividual tests in order that variations due to meteorological 
conditions will affect the entire test equally. 

The only way in which consistent results were obtained 
was through close adherence to the above system and to the 


careful record kept of the weather conditions, so as to al- 
low a comparison of one day’s tests to be made with those 
held on other days. 

This alone prohibits the use of the electric chronograph 
for recording time of flight, as (admitting that it might be 
possible to determine long-range time of flight by bullet 
contact with screens) the time occupied in accomplishing 
this would limit the data obtained to a few ranges each day. 

The personal element entering into the determination of 
time of flight by direct observation subjects this data to a 
considerable error. Whatever this error may be, it can he 
shown that it is well within the other experimental errors 
at the ranges in question, as the times involved vary from 
never less than 14% seconds up to, in some eases, as great as 
20 or more seconds. 

Small-arms ammunition at long range is subject to eon- 
siderable variation, just as it is at short range, and any 
other system of firing will probably show at least as great, 
or greater, inconsistencies as any developed during the 
Florida tests. 


Centrifugal Gun 


The centrifugal gun, which has been under investigation 


the Ordnance Department, was 
Ground, Maryland, at 


and test tor some time by 


further tested at Aberdeen Proving 


a speed of about 16,000 revolutions per minute. At this 
speed if required 98 h. p. to operate 

The gun as tested showed a ver\ rapid inerease in the 
power required for operation. At a speed of 12,000 r. p 


m., 20 h. p. was necessary; 14,000 r. p. m. required 25 h. p.; 
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Centrifugal machine gun being demonstrated by its inventor 
15,000 r. p. m. required 40 h. p.; and, as noted above, at 
16,000 r. p. m. the power required was 9S. 

From this it is econeluded that a horsepower above 100 
would have no material effeet in increasing the speed 
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TILLERY DIVISION NOTES 


Equilibration. 

In the earlier types of gun carriages the tipping parts were trun 
nioned at their center of gravity, thereby permitting elevation or de 
pression with a minimum of work. The recoiling parts of these earlier 
carriages did not strike the ground at maximum elevation, owing to 
their short cannon, short recoil and moderate elevation. As elevation 
increased to meet 


and length of cannon were demands for greater 
range, designers were confronted with the problem of providing spac 
to receive the recoiling parts. 

The obvious means of preventing the recoiling parts from striking 
the ground was to dig a hole to receive them, and this was done and 
is being done at present. 3ut as artillery has developed, this method 
no longer answers all demands, and additional means were devised as 
follows: 

1. Weighting the breech and thereby 


the trunnions to the breech face 


distance fror 


shortening the 























2. Using a variable recoil mechanism and so shortening reco at high 
elevations. 
Using equilibrators. 
The Germans and French used equilibrators on some of their car 
riages employed in the World War. but not ve ry extensively However, 
so drastic in this 


equilibrators on pract 


become regard 


lly all 


the demands of modern artillery have 
that they can only be met by use of 


field carriages. 


Fig. 1 shows the cross-section of a spring equilibrator. A is the 
shell having the trunnion B C is the plunger. D is a spring colump 
under compression which tends to force A and C apart. 

Fig. 2 shows the application of the equilibrator to the 155-mm, 


Howitzer Carriage, Model 1920. The tipping parts E, with center of 


gravity at F, are trunnioned at G upon the top carriage A pair 
of arms H fixed to the trunnion G receive the equilibrator trunnions at 
B The plunger C sockets in the bracket K from the top arriage J 
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Gravity ‘ends to pull the point F downward about G, which tende at Fort Scott. California [ a3 i ’ 








js resist by the equilibrator throug i s ktor » Sa I ( 7 : ) i 
Fig. The heavy full curved line ring load d ’ y 1 niles x 

the mor t of the tipping part ) valanced 1 osit 

light fu ne represents very nearly the actual spring load if a perfect né Racing Cannot é i siast ting 


spring e obtainable. The dotted lines show maximum and minimw ir? n San Francisco. where it — y welcomed Ma 
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spring is allowing a tolerance of plus or minus 5 pet -_" r Roh nd } stened with rea ham Aa Mrs. Rolpl w the 











~ dot an ish lines show test loads on two springs wl hat ) Mi . f San Francisc The tizer slifornia at stl; i 
; received t new development of artillery, a product of their State 
{= Difficulties have been encountered by the Ordnance Office in obta These two new mounts performed excellently during tt g tests 
= ing equ ator springs, owing to the severe specifications 1 , and wed wonderfu s bili Mr. P E. Holt t lolt M 
ys A high fi stress 1s required to limit size and weight, and unifo turing Company, pulled the lanyard the first shot fire« 
of secti and material is essential in the bar in order to tft ! nount The lustration shows t t n 1! 
ee specifications. It is necessary that the springs operate withi1 " é ” 
5 limits in der to secure the delicate balance absolutely essentia High-S ] ] 
In vie of the irregularities found in springs, the Ordnan Offi yO A Ag 7 i] 
has designed a pneumatic equilibrator which is being built and wl Mod iva wt nay ist passed ver kecessrul pt i = 
igh will be tested in comparison with tl spring ty} 
Fig. 4 shows a cross section of the pneumatic equilibrator 
consists of a shell L with trunnion S and a plunger M. The spa 2 
Fe ontains mpressed air, whicl held by t wking N with a g 
_ seal in O P is a valve to admit grease, and Q is a valve to admit a 
= The shoulder in L limits the packing length T so that proper volums 
™ air is assured rhe air pressure in R tends to force the plunger M 
of L. Ti equi brator is inte I ingeable with the spring equ at 
Ge on the carriage. 
-_ Fig The heavy full rved né ! tl d 
equilibrat load. The ght fu ne shows the id ~obtain 
1m. dotted liz show the load obtained plus or minus the packing 
« It should be noted that this packing frictior 
= factor of the air equilibrat This f1 ks th d 
at novement and can not ( pensa i r Ss thereto I i 
J that it remain within narro mit " t is | i thes iit 
be less than the tolerances 1 red in spring manufactur 
eved tl an be don 
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gun and 105-mm. howitzer, Model 1920, built by the Holt Manufacturing 
. . . Fort Scott California, were able, during the road tests, to deve 
Company, Stockton, California, have just been successfully proot-fir Stas ; A ‘ oe 
4 ea ¢ 9 mites per hou! i nese Vo exper enta 
ir gun mounts were designed and built by the Holt Manufacturing 
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105-mm. howitzer being ‘fired from self-propelled mount, which attained a 
maximum speed of 30 miles per hour en route from Stockton to Ft. Scott, Cal ) l nt A rt 1 gentie sio] ' 
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T TIRED TRACK SPROCKET 


FIG 2 


























RUBBER TIRED FRONT IOLER 


FIG 4 
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RUBBER TIRED TRACK SUPPORT ROLLER 
FIG 
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series of bumps come at close intervals, say three or four feet apart, 


the track bridges the bumps and smooths the path 
Going over these features more in detail: 


front idlers, track-carrying 
Figs. 1, 2, 3, 4, 5 show 


1. The rubber is used on the track shoes 
rollers, drive sprockets, and front-truck wheels 
the method of application. 


2. The track links were designed with as light sections as permissible 
the part of the shoe farthest off the ground being only one-eighth of an 
inch thick, Cast steel with ‘a carbon content of .30 to .40 is used, and 
then double-heat treated to obtain an elastic limit of 60,000 pounds 
per square inch. The bushings are very thin and the track pins large 
in diameter and hollow, both being made of forged steel, case hardened 
to give a surface hardness of 75-85 scleroscope. 


2 


3. The main frame is spring supported to the trucks both front and 
rear. Coil springs being used in the rear and a plate spring in front 
This plate spring is hung on a trunnion in the center under the engin« 
and forms the tilting member of an equilizer between the front ends of 
the two trucks. The novel feature of the equalizer is the use of cranks 
to guide the trucks in planes always parallel to the main frame of the 
mount. One end of each crank turns in fixed bearings in the main 
frame, while the other end passes through its respective truck fram« 
and is hung to it by a short link to take up the longitudinal motion of 
the crank pin. front of one truck to 
rise 15 inches above the other. 


This equilizing system allows the 
1 & 3 


4. The long single truck frame, without joint or flexibility in its 


length, is probably the feature which most largely contributes to the 


successful high speed. 


It may help to visualize the action of this feature by imagining a 


sportsman on skis racing down a snow hill which might be quite rough 


locally, but the rough places are spanned by the long runners and the 


man glides smoothly along. 


Sans Fie i 
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Sixteen-inch Barbette Carriage, Mode! of 1919 








Anti-friction bearings used on all revolving shafts, except the ep. 
gine, reduce the rolling friction to a minimum. The high s; s then 
obtaincd without excessive power in the engine. 

Sixcteen-inch Barbette Carriage 

The shop test of the new 16-inch barbette carriage, r: tly com. 
pleted at Watertown Arsenal, was witnessed by representatives of the 
Railway and Seacoast Carriage Section, Artillery Division, designers of 
this matériel. 

The carriage was put through the usual tests and functioned very 


satisfactorily. The load required at the slow-motion hand-whee] t 


traverse the piece was 17 pounds The gun was elevated from zerg 
degrees to 60 degrees in 27 minutes, using man power Che electrie 
traversing and elevating equipment has not yet been assembled to the 


pilot carriage. 
The gun was also snapped, using the new device described in these 


notes at zero degrees, 34 degrees and 65 degrees, the gun returning fully 


to battery, at each elevation Very satisfactory pressure cards were 
obtained at all elevations, showing that the new counter recoil meeb. 
anisms, which were especially designed for this carriage, had sufficien} 
elevation, 
One of the most difficult problems in the design of this new carriage, 
was the 
weighs about 200 tons, 


in counter recoil at low elevations An automatic counter recoil mech. 


power to control the counter recoil of the gun at low angles 


which permits the maximum angle of elevation of 65 degrees 
control of the gun, which, with its recoil band 
anism is necessary which will do a large amount of work at low angles 


of elevation, but which will do little or no work at the higher angles, 


The new system appears to give complete control at all angk 
This new weapon will have all-round fire and an estimat: range of 
55,000 yards, with a 2,340-pound armor-piercing projectile The 


penetration of armor is 14 inches or more at all ranges 
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FRANKFORD ARSENAL NOTES 


Anti-A' ajt Fire Control 


The three instruments shown in the llustration included herewitl 
have recently been produced by the Fire-Control Design Section, Frank 
ford Arsenal, for use with anti-aircraft artillery 

The Range Computer, at the left, accomplishes its function of the 
angle of sight and altitude to the predicted future position of the 
target, the resolution of fuse range. The operator, in following th 
flight of the airplane by means of the telescope simultaneously ele 
yates or depresses the photo-engraved sector that moves behind the alt 
tude arm. This establishes laying to the present position of the target 
At the back of the instrument is a mechanism, known as the corrector, 
which, by virtue of the relative movements of its elements, causes 4 
displacement of the altitude arm away frem its vertical or zero 
location. This movement, which is called the vertica) deflection cor 
rection, is proportional to the displacement of the target during the 
time of flight of the projectile to the predicted future position of the 
airplane. Therefore, the combination of movements of the sector and 
the arm results in the determination of fuse range to the predicted fu 
ture position otf the target by reading the abacus beneath the index 
pointer of the slider, which is set to the graduation of altitude on th: 
arm. An azimuth circle is provided to obtain the lateral indication of a 
target position for other instruments of the fire-contro] station, so that 
a certainty of all apparatus viewing the same airplane is preserved 


The instrument is located at the B. C. Station, where three men are re 








ont nuous observation upon it, to folk ts flight, thereby registering 
present an of sight and azimuth It is equipped with two eyepieces 
one having a magnification of 10 and the other of 25 The roof pris n 


s shifted by means of an external lever to alignment with either eye 
piece desired 


2. Wind Computer.—This element resolves the lateral and vertical 


orrections for -wind It comprises the smaller of the two dials mounted 


beneath the telescope Setting the sliders to the scales of the two 


shorter arms establishes a location of each index pointer, against which 


the reading of the abacus upon the dia) can then be made. The rela 
tive movements of these Various elements is in accordance with the 
variables in the ¢«quations for wind corrections 

3. Parallax Computer.—This portion determines the parallax corre: 


ions with respect to its position in the B. C. station and the mean 
point between the guns of the battery Like the wind computer, it 
consists of an abacus dial, a ring concentric with the upper disk, and 
two arms containing graduated scales and movable sliders. Their rela 
tive movements resolve the equations for the parallax corrections. 

When operating both the wind and parallax computer elements, three 
men are required in the functioning of the apparatus. Their results 
are used as secondary settings, either on the central station apparatus 
or on the gun scales. 

Each instrument described in the foregoing has been manufactured 


th the aim to obtain a very high degree of precision in the final reso 




















angular travel method required, because of the non 
the target In this regard it serves as an 
Brocq A. A. Corrector 





operate them. The resu!tir 
telephony, to the gun emplacements 


the right 


New Anti-Aircraft Artillery 


quired to operate it rhe reading of fuse range is telephoned to the gu 
emplacements ; 
The deflection computer n the center serves two purposes n apt 


cation to anti-aircraft artillery 


1. Computes both the lateral and vertical deflection correction data 


when the method known as linear speed is employed 


2. Provides the means of compensation for those corrections in 
unliiorm velocity ¢ 


rv device witl 





auxil 


Th accomplishment of these aims is satisfied by wrapping two cor 


posite sets of abaci around each sct of cylinders The plott ng oO. the 
abaci, the location of scales and the relationship of these on the majo 
and minor size 


veloped for the resolution of the deflection corrections In short, the 


ylinders of each set is in accordance with formule de 


mstrument may be considered as consisting of two graphic slide rules 
one for computing lateral and the other vertical deflection corrections 
The units are contained within an aluminum case and require two men 


g mile readings are announced, usually by 


The A. A. telescope, with wind and parallax computer, is shown at 
It performs three functions 
1. Telescoy This element is used to distinguish the target and, by 





Fire Control Apparatus 





‘ } lata which they give I tests indicate that 
sua g i resu ure obtainat vhen trained persor ste t 
nstrul T rrors in the determi: I tions can be held 
three m i se range within three-tenths of the st setting 
t! graduated ng i ti ius Ss i epar neg 
i xi t hundredths ecor e of flight . 
' 
/ f ecti B r 
Rang Correction Board s the accompan) S ATIOrT 
‘ leveloped at Frankford Arsena r the purpose < meeting the 
needs of the new long-range seacoast artillery guns, to which the existing 
Pratt Range Board could not be adapted on account of the great ir 
ease in dimensions which would result 
n the case of the Pratt Range Board, thé irves giving the range 
corrections for atmosphere, muzzle velocity, tide and wind are all placed 
on one large chart, the size of which determines the dimensions of the 
complete instrument. Since the scale of these curves must be made suffi 
ciently large to permit the various pointers to be set by eye, it is evi 
dent that any great increase in the ranges used has the effect of ir 


creasing the size of the board, 
To overcome this difficulty and to keep the instrument within a rea 


sonable size, the range correction board, model of 1921, was developed 
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and a sample instrument has been manutart ired for test In tl new 
instrument each set of curves for the different ballist rt) ms is ca 
I il on a separate hart wl h occ es ti ntire ati the board 
thus permitting a much great spread of the rve than does tl 
Pra Range Board. JT de and wind curves wel! placed on tl 
sal chart, since tl ould be do \ out increasing tl size of the 
board Each chart mounted o1 rollers, one above the othe 
Th op of t roller is sed to carry the part o the ha ret re 
quired for é The lo roller keeps the chart tight u tl 
roller under spring tension 

The vertical scale of tl art is 1,0 yards equals ¢ inch, and 
the horizontal scale is 200 yards equals one inch. The correction tap 
at the top of the board has a s ale of 500 yar is eq tals o1 l The 
correction board permits a tota! range correction of plus or minus 
] yards The outside dimensions of the board are is follows 

gtl 17 inches: height. 25 inches; thickness, 9 inche 

rollers (B) are all geared to a common t (I ur 

ft by the worm gear and hand at (D This permit yf all th 

i to be set simu!taneous! t the given range | liustment 
mnrovided so tl each ro ma he id isted sl ght! rs + to tl 
common shatt 

The shaft (I passes t he to of the board gh t erentia 
gear at (I and carries a gea I vhicl Ss mour i ing yrrection 
ta G Any movement o ‘ s B therefo vd sa , 

sponding movement « tl i ( T) obie ) lifferentia 
gearing | s to vid Lt s oO setting t > ' g 
fit ro S 

Tl range orrectior Oi? } iY arried acros + 
screws actuated by tl inks he ends of the rods When tl 
cranks are used on the shafts (J 1 faster movement of the point 








At " s showr : m gea ww} nermits th ota tio 
ter (K) to be set lependently of the pointers H 

\ O) is shown the mar ange pointer This ynsist ) 2 scak 

arranged to slide from one end of the board to the othe which can 


be imped at any desired position by the thumb nut (P Opposit 
the center, or (O), of th ale is the fixed index (Q The sliding 
ndex (R) is arranged to move along the scale. 


The method of operating the board is as follows Set the proper 
range on the charts opposite the indexes at the right end of each o 


the tront Set each of the pointers (H 
tape at the 


(H at the 


rolls by turning the worm (D 


at the the corresponding set of Set the 


normal of 


proper ach pointer 


by moving tl 





range 





proper correction curve range will then be indicated 
yn the tape by the pointer travel correction is put on, the 
corrected range may be read on the tape opposite the movable pointe 
(R when the fixed pointer (Q) is set opposite (K 
Balloon Observation Instrument 

Due to the increased ranges at which the latest types of seacoast dé 


fense artillery are designed to operate, at which ranges the target would 


often be below the horizon as viewed from the usual base-end observing 


station, it has become necessary to provide stations at greater elevations 


than is practicable by the use of the present range-finding towers. 
The captive balloon is well to use as an observing station, but 
since it is in continua! mot often changes its position by hun 
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e target in the upper field coincidence ming 

vhat as in a self-contained range finde the horizo ingle 

ning point target a ! asured at the i i be 

the counting device at D 
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a depression position find To obtain any deg A 

this cast if s, of ot) ‘ essential that tl obse le 
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ARTILLERY DIVISION NOTES 


ilisry teles . used to determin: t \ position Assuming t y than desirab I i 1itat D. ¢ g an eventualls 
telescope boy to be level, t anguia lepression ot the target ma 1 aid 4 a 1 t ght and my] 


determined by rotating the knob, | intil tl target appears 


horizontal ( ding line between the tv parts of the hek afte } P 
. ‘ ihe instrument is ce ghed h the lea that t i 
mn \ id n the na ator n the right 





the angle « epression i} : t , os 
ag gd should keep tl target int i | 
the instr nt. 7 
A na a i 4 I Ai £ l 
In the stabilized instrument gyroscopes a employed to ! - tim sintain th , g} 
the observ! anes, A, back to its given position after having b ndicate that these purposes have been a mplished } 
jisturbed by a motion of the balloon. The gyro, F, keeps the teles . n ¢} nstrument meus 0 ieee -« 
: as we . ngs t is imen suppo e ree ‘ wa 
| ) ile } rvy y + iy + y +) y nt 
' trained ir muth while the gyro, G sintains e norizonta thin the field of view Since coincidence between the ig 
position. 4 general operation of these gyros is as follows target and aiming point may be mad 
When t! nstrument is rotated it of its original set positior —_ , n the field 
- "J ; " ?? + ] + y ri al ¥ ? y } 
te grimuth, the gyro, F, which ha 1aintained its original position, makes ia: al red more closely than as indicat The horizontal gv: 
sag ac this eaneer the moator 1 to rotate hrine th. 4 
red sn electrical contact which cau he motor, H, to rotate and bring sintain the level of the telescope within minus 3 
pes Ps . in its OS oY W her the teles , hae rotter ont 
telescope ag n to ts posit he tel ope as g n - under moderate disturbing forces hich accuracy 
evel, ball ndulums, located at I. make contact lusing 
—— A A 
eights, J ounted above the gyro casing, to mo n a certain d 
1g tion. This has the effect of throwing the gy ystem out of balanc 
sO hence the gyro takes on a precess movement which is in the mp lieats } . ' , 
i direction to cause the telesco f ” a ' and atior \ 
ng Power 1 driving the two gyros, for operating ? 
ig sagnets, €t s obtained fro 2 volt torage battery forming - ; - 
ted f the equi nt of the ~ 4 I i ay g 
rrent, it s been necessa t rovide a motor generator 
t, and fo s reasol l 
_ 
“9 
7 T T 
| i i 
/ | | | j 
+ 4 el 4 se 
Charpy In t Test Speci I transverse impact tests on the 
Frequent requests have at W k 4 
) 
town Arsenal for drawings showing the type of transverse test-bar , . ; : 
in both the large and small Charpy impact machines g ) adi A t 
gives the dimensions of the ‘ i ! irg } gra 4% id 
machine. This type of test-ba is adopted direct men le ! 
ns furnished by M. Charpy, and no modifications ha beer i t red ng t 
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d Dimensions of Best Specimens for Charpy Impact Machines 


Upper sketch, 300 kilogrammeter machine. 
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LOLL BACK DEVICE OR /6/N BARBLEITE CARRIAGE 
MODEL OF (9/19 
DESIGNED AND MANUFACTURED AT WATERTOWN ARSENAL. 


Scale 
o 2a 3 40 30 60 70 ga 90 400 _s/10 120  /30 INCHES 
i — a om os —— —_+—_—_——-+- ee —=— = ¥ — +— > 7 ~ —— — J 
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——— Ba — *. BRAUER 

Pull-Back Device for 16-inch Barbette Carriage tracted by means of blocks and tackle or by means of a hydrauli lin 
The pull-back device designed for the 16-inch gun on barbette carriag« der and a special release mechanism 

is shown in the diagram. This device was designed by Mr. Brauer the case of the 16-inch 5 sliber gun and barbette carriage, a 

Chief Engineer, at Watertown Arsenal force of 800,000 pounds is required to pull the gun into the recoiled 
It is always very desirable to test the action of the gun in counter position against the compressed air in the recuperator system. A specia 

recoil at the place where the carriage is manufactured, in order that the device was therefore necessary} 

buffers which control the action of the carriage in counter recoil can This device consists of a hydraulic cylinder, which is screwed int 

be adjusted As it would be impossible to fire a gun of this size at the the breech bushing thread of the gun, the cylinder extending into the 

plant of the manufacturer, it is necessary to devise some means for powder chamber A stationary beam is mounted upon two sté tubular 
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pulling the gun into the recciled position and to thus simulate the action olumns which are securely screwed to the rear ends of the recuperate 
of the gun during firing cylinders. The piston rod of the pull-back cylinder passes through 4 
In the case of smaller guns and gun carriages, the gun is usually ré¢ ho'e in this stationary beam and is secured to it by means of a ste 
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ARTILLERY DIVISION NOTES . 


veans of steel straps. 


of the recuperator 


) are bent apart as 
effect on the movement 
* end of the pull-back 
cylinder and is used for supplying compressed air for forcing the piston 


connected to the 


pounds per square 
f 828,000 pounds 


ro degrees elevation r force is required for 





ar 
dD 


on the stationary zero degrees, 34 degrees and 65 degrees elevation and functioned satis 
actorily 
pull-back cylinder Resistance to Shock 
beam being connected ” : . ’ 
. Tests have recently been concluded at the Watertown Arsenal which 


the water on the ’ . 
demonstrate in a striking manner the extent to which cylindrical sec 


tions of a shape similar to the muzzle end of guns are weakened 
right side of the 


to the hollow pis Petco. 
l I which have been welded on the cylinder 


rod to move ahead freely 


fusible strap is cut Fig. 1 shows specimens used for making these tests A” is a hol 
disconnects the piston ] ylinder with a taper hole through the center, in which is placed 
to go freely into a suitable wedge for receiving the blow of a 1,000-pound hammer 
dropped from a height of 36 inches; “B” is of the same dimension, ex 


metal has been welded on in a manner shown by the diagram 


In making the tests a 1,000-pound weight was dropped a sufficient 


in the cevlinder, a 


ich is sufficient to being taken after each blow. 


snapping the gun at (Continued on Page 361 
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emi-cireular grooves either cut into the cylinder or cut into lugs 


cept that a groove approximately .7 inch broad is machined in the 
outer surface; “‘C’’ is of similar construction, with the exception that 


number of times to cause rupture, the measurement of the diameter 


Fig. 2 shows the relationship between the increase in diameter and 

















Bombs 


During the past montl vombin activitic _ leen Pro Fe sine StFu I e- ind l el ni iy, and 












Ground have been carried on quite intensive 















When it was thought that the trouble with tl 5 -s ! ielas abricating these bombs as we is all fuses, and adapters a 
ment had been overcome, it was found that tl l ould not work I uli bombs T senal is handling tl ry 
in all bombs, the exception being in the 600-pound bo vhen dro Lita ulthough its a being taxed to the t n the ‘ 
on water. As bombs dropped on water could not be recovered, the trou I to turn out this materia the specifi tir 
ble could not be definitely located xcept by a syste of eliminatior it are being obta l Watertown Arsena na 
The peculiar t o l l thing is that a t stanta i ) ul] numl i nd bon I t 
primer detons would ! Finally, by reducing t I : these bomb ib d vé SOO! 











the shear trength 
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of bombs dropped in or la vas 9,800 pounds Records kept f 4,0 feet and 8,000 feet spect \ After digging down n feet 
three days showed that 18,4 wounds were dropped in on lay vate is encountered and the ! had to be abandor It is 
. . ° 
18,200 pounds the second day and 10,4 ounds 0o rt 1 how n I ‘ s netrat t 
bombs the third day vr a total of 47,000 pounds Thos ho 1} nteresting te that s boml } lropped fror rt t and 
2 et nen at t} 1 nossib lee solid 
W rogressing a , i Standard sti 
/ ting omb models ir | it t ) 
/ F } results which at e obta i 
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Sir ather conditior \ jeen ha able ¢ 
j 4 » obtaining ) } allisti films + is | n l i + nets pmen 
4 - ) »bta g ba et lata " yn" « } inot! , 7 +} i not 
\ mm t tor i { i ’ f ast 
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/ i dca lings 
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i . 00-LB 
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a 1 an 
] , + + se 
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i i mm i i t ippa 
\\ l i t ? t 
a © vn mt allis 
ij \ 
‘ 
\ great dea Tk ng } i I I 
| ght Practica " sights that ar j 
I i stab zed ‘ SOI ri f ry scoD stab ? are 
three different stabilizer nder development slled the M VI 
“a . : > Mm . ' T 
- Mark X and Mark XII The Mark VIII is practically I 
| x - + " " , 
| Mark X has had to be modified to a cert xtent it wv I te 
shortly The Mark XII is st inder development, and it xpect 
j to incorporate in it the most advanced features developed 4 ng 
work on the Mark VIII and X stabilizers. Capt. E. J. Lori: nd Dr 
— —— IR . a , 
lsu ir ha've worked out some ery ngenious mean oO i ng ov 
tl ! ym of the gyro It x ted tl n a fut ans 

















ARMY ORDNANCE Captain Loring will descri 
The New 2,000-pound and 4,000-pound Demolition Bombs—A 6-foot Soldier ht To in unahaie dein ata uae 
: ; ghts ! it the obable ansier of d ypmen 

Standing Between . : . 
The 2,000-pound Bomb is a little over 13’¢ feet long and almost 19 inches in 
diameter. It will carry 1,000 pounds of explosive The 4,000-pound Bomb 
is 13'2 feet long and approximately 23 inchesindiameter. It will carry one and that these will be transferred in their present condition to the al 
ton of explosive. a ™ i an ak Gh Gulites atic tx Ganeeak Ged No. ¢ 


of bomb sights to the air servi t is possible that this départ ent W 


ible to test the sights and stabilizers which -have been developed 





: . . : 4 \ nuet } trar + r = 9 1921 
had any contact with bombing work during the war will be grat to W »., 1921, n ) i i he air serv vy J 
learn of the increase in efficiency of testing equipment which allows th Bomb Racks 
dropping of this tonnage of bombs Preparations are bein made to turn over the developme: hou 


Metal parts of new bombs are already being shipped to Picatinny racks to the air service on Jun: 1921 This is also one e items 


Arsenal for loading preparatory for use in the bombing maneuvers in which, under General Orders No. 6, W. D., 1921, is to be tran 





all 


which battleships are to he bombed The promptness with which this to the air service for developn t Orders for bomb racl ywever 











AIRCRAFT 








wil be continued to be andled by the Ordnance Department 


joe 80, 1921, and recently a request for more of 


packs to “quip new pursuit planes under order has been 


the air service. 


=~ further tests of the Mark XVIII Racks have demonstrated 


gre quite atisiactory and far superior to the old Mark 


anism. 


New bomb racks are under development for a giant bomber 
the sir service is having constructed. The capacity of 
ie approximately 4,000 pounds. It will be interesting 
this design it is planned to carry four 1,100-pound demolition 
pide the fuselage. This is quite an advance over the 
arrying large bombs under the wings or under the fu 


dirveraft Machine Guns. 


The testing of the new .50-caliber aircraft machine gun 
Tk gun in a recent test was fired in the air quite successfully 
progress OD this gun has been sufficiently satisfactory to indicat 














“7 the project for modifying the 11-mm. Vickers Gun may be dropped 
— tis believed that the .50-caliber is quite superior 
il Vickers, with its higher muzzle velocity and greater weight of 
on Work is progressing on the speeding-up device which 
- tached to the Lewis Aircraft Machine Gun. There is every 
tt thet the Lewis Gun can be speeded up quite satisfactorily. 
; Tats have been held by the Air Service with the 
- og Aircraft Machine Gun with a view of using it as an observer's 
‘ Jn the preliminary tests, quite satisfactory results were 
be appreciated that if the same gun can be used 
- wil as a fixed gun, this will considerably simplify maintenance 
i “ ing guns as well as supply and manufacture 
i = The 37-mm. Baldwin Automatic Aircraft Gun, whicl 
n feet iegoing test at Aberdeen Proving Ground and the Bureau 
. ais, was finally worn out through firing and returned 
¢ Amory, where a new gun is being completed. It 
and nde in this new gun all modifications which were worked 
solid dgun, and subject the new gun to an exhaustiv« 
results obtained with the modified Baldwin Gun 
sti satisfactory, were a decided improvement over 
Mained in the first part of the tests It is believed 
the gan will be held the latter part of May. The 
drms Manufacturing Company are giving caref onsiders 
yment development of a 37-mm., aircraft machine gun, but have 
nitely indicated their v ngness to proceed with the 
Artillery Division Notes 
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th number of blows struck Curve “A” representirz 
. pecimer ‘B” the notched specimer ( the welded 
‘ relding characteristics, and “D” the same, but of a 
j a Meresting to note that the relationship between num! 
a mcrease in diameter is practically constant up to 1 applications 
’ od, At this point, however, it will be noted that fa 
Fe two of the specimens, while in the other two the ri 
re ameter decreased for a given number of blows 
‘ The results from these tests seem to show that the 
ie ade near the muzzle is a questionable procedure 
ywaity of results can be guaranteed; also, that notches 
tutions weaken the sectior ery appreciably 
The Watertown Arsenal Foremen’s Association us 
43,1919. and has had a very successful growtl Its 
L- notion of good fellowship and advancement of knowledge 
. wial, fraternal and technical relations of its members 
: tady at all times to welcome speakers who can enlighten 
, atheir work and add to their efficiency and co-operation 
. The Watertown Arsenal Foremen’s Association ear); 
5 . tue of the Army Ordnance Association and became conne: 
iD the appointment of seven members and purchasing 
g out Sected leaders of the supervising staff of the arsena 
4tour annual banquet early in 1920, Gen. C. C. Williams 
nee Orinance, was our guest, with Col. G. F. Jenks, both of 





restingly on the work of the department. 





pbs later in the year, Col. E. M. Shinkle gave a most 

Op vhich was splendidly illustrated, on the subject of pi 
eu Another banquet was he January, 1921, at whi 

NO . Mor was Col. C. M. Ws n, head of the Bureau of 
j21 tons of the Ordnance Department 


Still another of our guests was Gen. B. Wheels 
tlk on his service in } 
M 
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30-caliber 














The Association held a Ladies’ Night. Satu day, April 16, 1921 


the cateteria at the arsenal The building was specially arranged for 
the occasion, and the entertainment was varied 
Al ‘ prize dances were held, the winners being rewarded 
ith g es, boxes of candy, flowers, et The Commanding Officer, 





Gen. T. C. Dickson, Lieut. Col. G. L. Wa Works Manager, and Ma 
W. M. Myers, Superintendent of the Mobik Carriage Department, were 
among the guests, and entered into the contests with spirit 

The representatives of the Foremen's Association in the Army Ord 
nance Association are 

Mr. F. Br 
ng Laboratory; Mr. A. H. Lawe, of the Planning Department; Mr. 
G. F. Laughran, of the Woodworking Department: Mr. C. E Barba, 

the Seacoast Carriage Department; Mr. Nelson, of the Maintenance 


Department; Mr. Sampson, of the Found 





auer, Chief Draftsmar D F. ¢ Langenberg, of the Teast 


Test of Semi-Automatic Shoulder Rifles 
(September 15, 1921 























Ray aity ¢ fire has been one of the mportant considerations af 
ecting the design of small arms since the very beginning of their use. 
Attempts were made to adopt the breech-loading principle as long ago 

1664, when the first English patent for a breech loader was issued 

Abraham Hall In 1807, the Rev der Forsytl a Scotch 
ergyman, patented the percussion system of igniting the charge of 
powder Later, about 1821, appeared the percussion 1 which is 

y attributed to Jos. Shaw Philadelphia, and Jos. Egg and Joe 
of London 

It was not, however, until the perfection of the gastight cartridge, 
ontaining its own means of on, following the invention of the 
pin-fire cartridge by Houiller, of s, in 1847, that the breech loader 
became a practicable possibility. During the next 20 years there ap- 
peared various types of single-shot rifle on the bree yading prin 

ple, and among repeaters the Wincheste und Spencer, which were 
quite elebrated at that early day 

The Swiss were pioneers in the a ( the epeating pri 

e to military use, and in 1869 the re-arming of th troops with 
the Vetterli rifle was authorized It was not unt 1885 tha gazing 
rn ere issued to the German army, w! example wa upidly fol 

d } a the great powers 

Meanw ‘ n 1883, the invention « the automatic machine gun by 
Stevens Maxim pointed the way to a st greater ssibility of 
diately following the erfectior the automat I ne gun 
tlon ¢ the principle to shotguns rifles and pistols was at 
f 1 Considerable s ess has been obtained in the design of pis 
tols, and the standard service arm ot ft type now in use in the 
United States Army is known as the automatic pistol, Model 1911 It 
av be nterest to note here that at is generally spoken of as 
the automatic system” would be more correctly de scribed as the “self 
oading”’ or “auto-loading systen because the real automat yun per 

forms the function of firing, as well as reloading the piece 

In genera self-functioning and automat arms aré yperated r 
three ways By the blow-back of the gas against the head of the bolt 
or by a gas-operated piston, which operates the bolt in turn; or by 
the force of reco 

W itl rd to the blow ick syste i! automat pis S are dé 
signed this plan, but it is hari practicable for us th cart 
idges of high intensity. The gas-operated and recoil-operated system: 


have been utilized successfully in the Browning types of machine guns 








and auton rifles. also in the Remington self-loading rifle, which is 
now on the market in sporting tort These systems require con 
siderable apparatus for the purpose of un'o king the bolt, thus making 
necessary an additional weight, which performs no usetfu inction 
fter the actual unlocking is accomplished 
The rifle artridge Mods 1906, wil I is now the standa i service 
ammunition in the United States, gives a chamber pressu! 52 0 
pounds per square inch. This pressure produces & high degree heat 
and onsequently n rapid fire the barrel of any sma ar! sing 
this cartridge will be heated to such a point as to make its use danger 
1s. unless some means of cooling during firing 1s provid l Thus we 
e in the machine gut ther a very heavy barrel with radiating vanes 
I e Hotchkiss, or a water acket a n the Browning and the 
Max Acain. the stresses in working parts of a sell netioned arm 
e larg Thus this requires a strong and sturdy desig: Se th 
a cart g su great intens th ore a t t ‘ n 
ceeT +} ota weight wit n pre ey , t 
Prior to the World War, ma gut were looked o1 auxiliary 
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fire. The war has shown us that the machine gun is one of the most 
important means available for attack and defense, and that it is capable 
of performing the function of long-range fire better than can infantry, 
with the result that there is a growing tendency to regard extreme 
range in the rifle as unnecessary. 

As was noted, there may be some divergence between the require 
ments for a machine gun and for an infantry rifle, as indicated by the 
lessons of the war. If we can accomplish all the resvflts thought neces- 
sary by means of long-range infantry fire with the machine gun, we 
may then reduce the caliber of the shoulder rifle and the pressure and 
corresponding recoil and heating effect of the cartridge Such a 
course would undoubtedly aid materially in the solution of the problem 
of producing a semi-automatic rifle of usable weight, and still having 
sufficient sturdiness and strength to stand the rough usage to which a 
With this point in mind, it will be noted 
adapted to function 


military arm is subjected. 
in the specifications that the rifle desired may be 
with cartridges of .25 caliber, of good military characteristics, and the 
rifle itself being of simple and rugged construction. 

In this matter the Ordnance Department of the Army has not been 
backward in attempts to reach a solution Other governments 
experimented with many types and designs, but up to the present time 
none has been successful. In our own service the matter dates back 
to 1902, when we note in the report of the Chief of Ordnance of that 
year that “The only radical improvement which is known to be under 
study in muskets is the application to these arms of the 
principle to the extent of causing the musket itself to effect its own 


have 


automat 


reloading upon discharge.” 
Competitive trials are planned by the Ordnance Department to 

held about September 15, 1921, in which it is hoped that a number of 

compared with a view 


rifles will be submitted and to finally obtaining 


a suitable arm of this type 


Auto-loading Rifle 


In order to provide a means for judging the tactical possibilities o 
the auto-loading rifle of rather smaller caliber than the present servi 
arm, provision has been made by the Ordnance Department to forward 
to Camp Benning, Georgia, for test by the Infantry School, a numbe 
of Remington Auto-loading Rifles, Caliber .25, modified by the additio 
of a Lyman No, 48 sight with short shank, which has been changed 


as to fit on the right-hand side of the rifle in such a position as no 


interfere with either the safety or trigger finger. 
This sight has not been built for the Model 8A Remington, and 


sequently, the peep does not come quite in the center. This feature ha 


been taken care of by offsetting the front sight a corresponding amount 

A new front sight of military type, with blade .08-inches le ‘ 
been fitted. A new forearm of military type has been provided 
upper band for the Springfield rifle was modified to fit this rifle ar 
was used for attaching a sling swivel The rear sling swivel was 
tached to the butt in the proper place. The addition of a standard 
sling completes the changes in this arm 

As a result of the tests which are to be held, s hoped ’ 
some definite data concerning the tactical advantages which may a 


from the use of such a type weapon 


French Gun with 200-Mile Range 


Interesting tests of what is claimed to be a gun which may ha‘ i 
range of 200 miles, the invention of Lieut. Col. Maze, of the Frenc! 
army, were recently made on a model in miniature at the Belgian a1 
tillery range at Vivegnis, near Liege, before a number of French and 
Belgian staff officers and artillery experts, says 
to the Chicago Tribune. The inventor claims a 300-kilometer range as 
against the 125-kilometer range registered by the German “Big Bertha 
in the bombardment of Paris from the St. Gobain forest in November 
1918. The first tests, which continued for six days, were held near the 
end of December. The small model used as a testing gun was built 
along special lines, with the caliber of the French 3-inch piece. 
Maze has named the gun “Turbo,” turbine-like, the velocity 
of the projectile increases as the range grows greater The remarkablk 
range of the gun is claimed to be due to three factors: The nature of 
the explosive used, the gun itself, and the character of the projectile 
One of the striking characteristics of the piece is its equal thickness 
from breech to muzzle. Improvements and refinements of the shell, it 
is claimed, reduce resistance, increased range with the 
initial velocity. This is made, partly possible through a sharp-pointed 
nose and a flattened end, thus resembling the shell used by the “Big 
Bertha.” The special barrel used is capable of withstanding a pressure 
of 3,000 kilograms per square centimeter. The dispatch states that 
discovery of a certain explosive, which continued to exert its maximum 
pressure until the shell left the gun, influenced the construction of the 
“Big Bertha,” which type of gun, it 
developed in the “Turbo,” 
the German gun. French 


a dispatch from Paris 


Colone! 


because, 


giving same 


is added, has now been further 
after experiments with and close study of 
and Belgian authorities are represented as 
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endeavoring to keep particulars of the new piece of ordnan: ecret 
despite Article VIII of the Covenant of the League of Nations, herein 


the signatories are pledged to inform each other 


armament.— Army and Navy Journal 
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Allerton S. Cushman 
A. M., Ph. D. 
Ex-Lt. Col. Ord., U. S. A.) 


In charge of chemical activities and explosive dry houses 
Arsenal, 1917-1918 


Frankford 
Consulting Chemical Engineer and Metallurgist 
In charge Industrial Research Laboratories 


coal, petroleum, explosives, dyes, 
drugs, etc. 


Washington, D.C. 


Reports on metallurgy 
i ods, 





1845 B Street, N. W 


James A. Drain “ Dale D. Drain 
DRAIN & DRAIN 


Attorneys at Law 
Wilkins Building, 1512 H Street 
Washington, D. C. 


Wilford J. Hawkins 


Birnie & Hawkins 


Ordnance and Industrial Consulting 
\ Engineers 
511 Fifth Avenue 


Bausch é& Lomb 
Optical Products 


are favorably known throughout the world 
and in all branches of government service 
requiring the use of optical instruments. 
They include Range Finders and Gun 
Sights for Army and Navy, Stereo-Prism 
Binoculars, Periscopes, Battery Comman- 
der Telescopes, Microscopes, Photo- 
graphic Lenses and Shutters, Searchlight 
Mirrors of every description, Projectior 


Rogers Birnie 





New York 
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Apparatus (Balopticons), Photomicro 
graphic Apparatus, Optical Measuring 







Instruments, Microtomes, Ophthalmie 
Lenses and Instruments, Reading Glasses, 
Magnifiers and other high-grade optical 
equipment. 


Bausch £5 |jomb Optical ©. 


NEW YORK WASHINGTON SAN FRANCISCO 
CHICAGO) ==> ROCHESTER, N. Y. LONDON 
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